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ABSTRACT 


At  elevated  temperature*  hydrocarbon  jet  fuel*  tend  to  form  deposit* 
which  decrease  beat  exchanger  efficiency  and  plug  screens  and  filter 
elements.  A  small-scale  device  is  required  which  ^*s  been  demonstrated  to 
he  applicable  to  all  qualities  of  hydrocarbon  Jet  fuels  and  will  quantify 
this  tendency  in  term*  meaningful  to  fuel  system  designers.  In  this  report, 
the  therms’  Utility  of  a  fuel  (AFFB-8-67)  1*  quantified  in  terms  of 
amount  of  deposit  in  an  airframe  and  engine  fuel  systm  simulator.  The  data 
obtained  from  the  first  fuel  series  indicate  that  an  expression,  derived 
herein,  in  terms  of  time  and  temperature  may  predict  the  amount  of  depciits 
formed  in  any  engine  system  using  fuel  AFFP~£-67 • 

Presently,  the  fuel's  tendency  to  fora  deposits  is  determined  by 
visual  ratings  of  color.  Two  methods  for  determining  the  amount  of  deposits 
formed  in  a  tube  are  discussed  and  a  vary  favorable  comparison  results.  A 
relationship  is  shown  herein  between  these  calculated  values  and  the  color 
of  t;>*  deposits.  It  1*  shown  that  at  certain  level <  of  deposit  thickness 
a  color  scale  iv  insensitive  to  the  amount  of  deposits.  In  addition  to  fuel 
testing  in  the  stimulator,  fuel  APFB-tJ-67  was  test'd  in  the  Standard,  Oas, 
Research,  Modified  and  Micro  Cokers,  Minex,  Thermal  Precipitation  Apparatus, 

5  ml  Bomb,  and  Eseo'a  Standard  Screening  Ubit. 

Comparisons  made  to  data  obtained  in  email -sc*-le  tests  and  the 
FAA-S3T  Bata  Correlation  Study  indicate  that  a  static  system  (l.e.,  an  "empty" 
wing  tank)  does  not  rank  fuels  the  lunt.  ^s  a  dynamic  system  (l.e.,  engine 
system).  Therefore,  -  dual  type  (static  and  dynamic)  thermal  stalMit.y  device 
■ay  be  indicate  It  was  also  indicated  that  the  comparison  criteria  used 
in  many  of  the  small -scale  tests  yield  breakpoints  (initial  deposition 
temperatures)  100  to  200*F  below  that  indicated  in  the  fuel  system  simulator. 

This  effort  ir  continue  <ig  with  the  testing  of  additional  1  u^ls  and  a 
Fuel  .erles  Report,  wilx  oc  released  two  months  after  completion  of  each  fuel 
tested.  The  applicability  of  the  above  findings  to  these  fuels  will  be 
reported  therein. 
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UfTRODUCTIOI 


In  an  effort  to  investigate  advanced  hydrocarbon  fuel  performance  with 
respect  bo  thermal  stability  under  simulated  high  Ifrch  number  flight  con¬ 
ditions,  this  program  was  initiated  to  furnish  an  aircraft  airframe  and 
engine  fuel  system  simulator  and  subsequently  conduct  a  fuels  research 
program.  The  simulator  is  to  provide  generalised  performance  data  on  various 
advanced  fuels  that  will  be  used  to  correlate  small-scale  thermal  stability 
laboratory  tests  and  provide  information  on  design  criteria  for  future 
supersonic  aircraft. 

Phase  I  of  this  program  consisted  of  the  design,  installation,  and 
checkout  of  an  advanced  aircraft  fuel  system  simulator.  A  detailed  report 
on  this  phase  can  be  found  in  Reference  2.  The  FAA-58T  Fuel  System  Test  Rig, 
discussed  in  Reference  b  was  modified  during  this  phase  to  increase  the  fuel 
system  simulation  capability  to  the  speed  regime  of  interest.  Upon  completion 
of  this  task,  performance  tests  were  conducted,  and  the  simulator  was  found 
to  fulfill  the  design  profile  requirements  set  forth  by  the  Air  Force. 

Phase  II,  reported  herein,  then  commenced  with  the  first  fuel  series 
of  testing  on  fuel  AFFB-8-67*  This  consisted  of  two  test  series  each  con¬ 
sisting  of  100  simulated  mission  profiles  or  test  cycles.  The  results  of  the 
testing  performed  Indicate  the  presence  of  deposits  in  the  vlng  tank, 
engine  maulfold.,  and  engine  nozzle.  Concurrently,  the  fuel  was  tested  in 
various  small-scale  thermal  stability  test  devices.  The  results  of  the 
simulator  and  small-scale  devices  were  compared.  Additionally,  the  data, 
obtained  on  the  FAA-S8T  Fuel  System  Test  Rig  was  analyzed  with  respect  to 
that  obtained  on  fuel  AFFB-8-67  so  that  the  comparison  to  small -scale  teste 
would  be  more  inclusive. 
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FUEL  TESTED 


Approximately  96,000  gallons  of  the  first  tost  fuel  arrived  at  W-PAFB 
on  20  December  1966  and  were  loaded  into  four  25,000  gallon  underground 
storage  tanks.,  Tbsse  tanks  bad  been  cleaned  and  lined  with  a  protective 
coating  conforming  to  MIL-C-4556B  prior  to  receipt  of  the  fuel,  ""he  transfer 
pumps  are  copper-free  and  the  transfer  tubing  is  stainless  steel  and  aluminum. 

The  test  fuel  is  designated  as  AFFB-8-67  and  is  a  blend  of  30 $  Ashland  regular 
JP-5  Jet  fuel  and  70$  Ashland  thermally  stable  Jet  fuel.  The  fuel  was  purchased 
to  pass  the  Star lard  Coker  (Reference  i)  at  375/475  and  fail  at  425/525  *  The 
fuel  had  bean  analyzed  by  the  supplier  prior  to  shipment  and  bye  W-PAFB  laboratory 
after  storage.  The  results  are  shown  in  Table  I. 

As  fuel  was  required,  it  was  delivered  to  the  test  site  in  a  4000  gallon 
trailer.  Approximately  92,500  gallons  of  the  fuel,  ranging  in  temperature  from 
12  to  74*F  were  used  for  simulator  and  small-scale  testing.  This  fuel  was  used 
between  1  December  19 66  and  3  Key  1967*  A  total  of  fifty  55-^Hon,  epoxy - 
phenolic  coated  drums  were  then  filled  with  AFFB-8-67  directly  from  the  under¬ 
ground  storage  tanks.  On  27  April  1967  these  drums  of  fuel  were  shipped  to  the 
Air  Force  Fuel  Bank  for  future  use. 
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TABUS  I  -  ATTB-6-67  TJ»L  AjUT^SIS 


Ashland  Teats  Specification  W-PAFB  Teats 


API  Gravity 

46.8 

39-51 

46.6 

Dial illation,  *F  -  IBP 

330 

- 

330 

10* 

3  46 

«,X)  aax. 

351 

20* 

352 

j 

356 

50* 

369 

450  aax. 

374 

90* 

445 

e» 

450 

rap 

497 

550  aax. 

502 

Recovery,  * 

96 

m 

98 

Residua,  * 

1 

1.5  aax. 

1 

loea,  * 

1 

1.5  max. 

1 

Acistent  Oru,  mg/ 100  ssl 

0.6 

7  max. 

.4 

Total  Potential  Gun,  ag/100  i*l 

1.9 

14  aax. 

«■» 

Sulfur,  Weight  * 

0.019 

0.3  aax. 

m 

BSH,  * 

CO.OCi 

0.003  max. 

0.0 

Freeze  Point,  *F 

-66 

-54  sax. 

-70 

Aniline  Point,  *F 

150 

- 

146 

Aailioe-^^  vity  Constant 

7020 

- 

6803 

Beat  of  Combustion,  BTU/lb. 

18,655 

l8,4oO  nin. 

at 

Viscosity  -  -30*F,  ce 

5.65 

15  «>ax. 

6.07 

Aromatics.  volume  * 

0.9 

20  sax. 

11.5 

Olefins,  volume  * 

1.5 

ee 

Saturates t  volume  * 

89.6 

- 

- 

Smoke  loint,  am 

29 

25  aln . 

26 

Flash,  *F,  PM 

124 

110-150 

115 

Corrosi  on  at  212*F,  2  hours 

lb 

1 

negative 

WSDt 

74 

- 

m 

flfcO  Trier ancc 

1 

*  1 

Thermal  Stability  r 

A 

(Standard  Coke.)  4oo/50u/6 

425/525/6 

450/550/6 

AP,  In.  8 g.  at  300  min.  0.2 

0.4 

3.4 

Preheater  Code  1 

3 

5 

,  (!*«•) 

(Fail) 

U*ii) 
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SIMULATOR  TEST  CYCLES 


SIM4AKY  OP  TEST  PROCEDURE  AMD  RESULTS 


Two  teat  series,  each  consisting  of  100  s*as>ula£ed  environmental  test 
cycles,  were  conducted  on  fuel  AFFB-8-67  *•”>  the  Advanced  Aircraft  Fuel  System 
Simulator  shown  In  Figure  1.  The  fuel  flow  rate,  tank  pressure,  and  dry 
tank  skin  temperature  profiles  vere  the  seme  for  each  test  series  and  are 
shown  in  Figures  £.  3,  and  4,  respectively.  The  component  fuel-out.  temperatures 
for  the  two  test  w*ries  are  shown  in  Figure  5  •  The  only  difference  l  -  tween 
these  two  test  series  environments  were  the  fuel  temperatures  out  of  the 
manifold  and  nozzle.  The  nozzle  temperature  ucarly  coincides  with  the  manifold 
temperature.  The  manifold  and  nozzle  were  replaced  between  the  first  and  second 
test  series  so  that  these  components  were  suvJ acted  to  the  above  environments 
for  100  test  cycles  each.  All  other  component-  were  tested  for  200  test  cycles. 

The  following  is  a  brief  synopsis  of  the  operational  procedure  and  results. 
Prior  to  each  test  cycle,  the  fuselage  tank  and  the  wing  tank  were  filled  with 
fresh  fuel  to  95  percent  capacity.  Altitude  simulation  and  inerting  of  the 
fuel  tanks  were  automatically  controlled  through  the  lank  vent  system.  A  vacuum 
pump  was  utilized  in  this  system  to  reduce  the  internal  pressure  of  each  tank, 
and  a  nitrogen  supply  was  provided  to  inert  the  vapor  space  during  simulated 
descent.  The  fuel  in  the  fuselage  rink  bwsted  frcs  approximately  60*F  at 
the  start  of  the  test  cycle  to  220*F  at  the  end  of  the  test  cycle  by  radiation 
heaters  to  einul&te  aerodynamic  beating.  Simultaneously,  the  upper  and  lower 
wing  tank  skin  was  t  rated  to  a  temperature  of  500*F  si  so  simulating  aerodynamic 
hasting.  Vibration  simulation  was  provided  by  utilizing  a  vibrator  on  each 
tank.  The  fuel  was  pumped  from  the  tanks  through  a  74  micron  airframe  filter  and 
an  airframe  heat  exchanger. 

The  airframe  heat  exchanger  system  rejected  heat  to  the  fuel  at  a  speci¬ 
fied  rate.  This  resulted  in  sn  average  increase  in  temperature  25*F  and 
69 *F  for  the  acceleration  and  cruise  conditions,  respectively.  The  fuel 
entering  the  engine  fuel  system  was  pressurized  and  heated  by  the  engine 
pump  and  bypass  system.  The  average  increase  in  temperature  across  the  pump 
was  5*  10,  and  10*F  during  accelsratlon,  cruise,  and  deceleration  conditions, 
respectively.  The  high  pressure  fuel  flow  was  then  regulated  by  a  manual 
flow  control  valve  and  filters^  by  a  2  micron  engine  filter.  The  fuel  was 
further  heated  by  the  engine  heat  exchanger  system  so  that  an  average  Increase 
in  temperature  of  25 *F  and  60*F  was  obtained  during  the  acceleration  and 
cruise  conditions,  respectively.  The  fuel  then  passed  through  a  heated 
manifold  where  average  temperature  increrses  of  *2*F  and  85*F  *2r*»  produced 
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FIGURE  1  ADVANCED  AIRCRAFT  FUEL  SYSTEM  SIMULATOR 
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FIGURE  5  -  COMPONENT  FUEL  TEMPERATURE 


for  the  acceleration  and  cruise  conditions  of  the  first  test  series, 
respectively,  ffibe  Average  temperature  Increases  for  the  second  test  series 
were  25  uni  51*r.  At  the  beginning  of  descent  conditions,  the  engine  And 
airframe  heat  exchanger  heating  systems  vere  de-energised.  Also  at  descent 
three-quarters  of  the  fuel  passing  through  the  engine  exchanger  was  returned 
to  the  fuselage  tank.  The  remaining  fuel  pasted  through  the  heated  eanifold 
where  the  fuel-out  temperature  rapidly  increased  to  600aF  for  the  first  test 
series  and  500*7  for  the  second  test  series.  The  beat  input  was  then  slowly 
decreased  simulating  descent  cooling  of  the  manifold  line.  The  fuel  exiting 
the  aanlfold  line,  passed  through  tba  nozzle  where  temperature  increases  of 
2  and  8*F  vere  attained  for  the  c.*ulse  and  descent  conditions,  respectively, 
wiring  and  at  the  completion  of  each  test  teiles,  the  simulator  was  Inspected 
and  the  data  wets  analyzed.  The  components  which  showed  evidence  of  decreased 
performance  were  the  first,  and  second  test  series  engine  filter  and  engine 
manifold  and  the  first  test  series  .r^gine  nozzle. 

A  summary  of  the  significant  results  of  the  200  test  cycles  is  as 
follows:  Visual  inspection  of  the  simulator  showed  that  a  portion  of  the 
fuselage  internal  surfaces  had  a  very  slight  discoloration.  The  vent  area 
had  a  fainter  discoloration.  The  entire  wing  tank  was  discolored,  and  deposits 
were  predominantly  on  the  bottom  of  the  tank.-  These  deposits  were  as  thick  as 
l/l6  inch.  Deposits  were  also  evident  in  the  vent  ares.  The  airframe  filter 
waa  slightly  discolored;  however,  no  increase  in  pressure  drop  was  evident. 

The  airframe  heat  exchanger  waa  unchanged  in  color,  pressure  drop,  and  heat 
transfer  efficiency.  The  engine  pump  internal  parts  were  in  excellent  condition, 
and  a  vary  light  tan,  powdery  deposit  was  observed  on  the  inlet  fitting.  The 
engine  filter  element  was  replaced  l8  times  in  the  200  test  cycles.  This 
frequent  replacement  waa  attributed  to  debris.  Tba  engine  beat  exchanger 
pressure  drop  and  heat  transfer  efficiency  did  not  significantly  change. 

The  fuel  side  of  the  tubes  was  discolored  at  the  inlet  and  contained  deposit 
at  the  outlet. 

The  manifolds  used  in  each  test  series  contained  measurable  deposits. 

The  calculated  thickness  ranged  from  .0^  to  .36  mils  and  .02  to  .17  mils 
for  the  first  and  second  tevt  series,  respectively.  This  was  further  evi¬ 
denced  by  a  measured  decrease  in  heat  transfer  efficiency  during  the  test 
series.  The  engine  nozzles  used  in  each  test  series  contained  deposits; 
however,  an  increase  in  pressure  drop  was  measured  only  during  the  first 
test  seiles. 
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Tgg  PROCEDURE  AID  RESULTS 

The  following  it  &  details!  discussion  of  the  teat  cycle  procedure 
end  reaulta.  The  results  are  expreaaed  in  terns  of  component  performance 
degradation,  calculated  depoait  thickness,  and  color  scale  ratinga.  It 
la  considered  that  the  use  of  a  color  scale  for  quantifying  the  fuel 
degradation  in  the  simulator  is  far  inferior  to  neaaurenents  of  performance 
degradation  and  depoait.  However,  the  CRC  Lacquer  Rating  Scale,  Reference  3 > 
was  used  ao  that  comparison  can  be  aade  to  previous  fuel  testing  results 
on  the  3S7  Fuel  System  Test  Rig,  Reference  4.  This  scale  is  not  the  ssuse 
scale  used  in  Coker  tests. 

Wing  Thnk 

Operational  Procedure  -  Prior  to  aach  test  cycle,  the  wiigtenk  was  filled 
with  fresh  fuel  ranging  in  temperature  from  12  to  74*F,  through  a 
totalising  flowmeter  to  95%  of  ita  capacity  based  on  the  fuel  density  at  a 
temperature  of  70*F.  This  quantity,  63 6  pounds,  waa  used  for  each  test  cycle 
within  &  repeatability  tolerance  of  less  than  ljt.  After  the  tank  was  filled, 
the  test  cycle  come  need  by  energising  the  boost  pimp,  establishing  a  fuel 
flow  of  approximately  5.8  gallons  per  minute  out  of  the  wing  tank  and 
automatically  reducing  the  internal  pressure  of  the  wing  tank  in  accordance 
with  the  required  pressure  schedule.  Figure  3.  At  1 4  uinutes  after  start-up, 
the  wing  tank  and  probe  beaters  were  energi  zed  in  accordance  with  the  heating 
schedule  ascertained  during  the  initial  test  cycles,  cue  of  the  probes 
was  controlled  to  produce  the  same  temperature  profile  as  the  dry  wing  tank 
skin  (500*F).  The  second  probe  was  controlled  to  a  maximum  temperature 
of  425  *F  simulating  the  sides  of  the  wing  tank,  and  the  third  probe  was 
allowed  to  slowly  increase  in  temperature  (to  350*F)  duplicating  the  lowest 
temperature  in  the  wing  tank.  In  order  to  duplicate  the  environment  and 
fuel  puddle  conditions  of  the  bottom  of  the  wing  tank,  a  dish  and  disk 
were  fixed  to  the  bottom  of  the  tank.  At  15.0  t  0.3  minutes  after  test 
start-up,  the  airframe  fuel  pressure  diminished,  indicating  that  the  fuol 
depth  in  the  wing  tank  was  approximately  1  inch  and  the  pump  was  cavitating. 
This  condition  was  imaedi&tely  followed  by  a  decrease  in  fuel  flew. 

At  this  time  the  fuselage  pump  was  energised,  the  wing  pump  de¬ 
energised,  and  the  wing  tank  fuel  dump  valve  opened.  Nest  of  tbs  remaining 
fuel  In  the  wing  tank  then  drained  through  the  valve  into  a  321  stainless 
steel  sump  tank,  and  the  fusl  dump  valve  was  closed  26  minutes  later.  The 
wing  tank  attitude  was  calibrated  to  cause  1200  ml  of  fuel  to  remain  la  the 
tank  after  it  was  drained.  During  the  cruise  condition,  which  commenced  22 
minutes  after  test  st.  ,rt~up,  the  temperature  of  the  f  ry  heated  portion, wing 
tank  skin,  was  lncreas- 1  end  stabilised  at  a  temperature  of  490  t  10*F. 

Though  500 *F  was  the  profile  temperature,  a  mean  control  value  of  490*F 
was  us  &  so  that  500*F  would  not  be  exceeded.  A  temperature -time  history 
of  the  wing  tank  vapor  for  a  typical  test  cycle  is  shewn  in  Figure  6. 
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TEST  CYCLE  TIME  -  MINUTES 

Figure  6.  Time- Temperature  History  of  Vapor  in  Wing  Tank 


At  126  minute*  after  teat  start-up,  simulated  aerodynamic  cooling 
and  vibration  were  commenced.  The  vibra'cor  (input  frequency  of  7000  cpm 
and  input  force  of  2 .7  g's)  was  shut  off  at  13 6  minutes  and  cooling  con¬ 
tinued  through  the  end  of  the  test  cycle. 

Result*  -  The  wing  tank  was  opened  after  selected  test  cycles  to  visually 
examine  the  deposits  in  the  wing  tank  and  on  the  probes.  The  probes  were 
rated  with  a  Tuber* tor  (Reference  l).  However,  it  became  evident  that  the 
Tuberator  rating  was  misleading  with  respect  to  these  specimens.  One  of 
the  probes  having  deposits  which  were  so  thick  that  they  were  flaking  off 
the  tube,  rated  lower  with  the  Tuberator  than  a  tube  with  a  much  thinner 
deposit.  Tabulated  below  ere  the  visual  ratings  under  sunlight  toads  without 
the  Tuberator  end  using  the  CRC  lacquer  feting  Scale,  Reference  3. 


Rating  After 
Test  Cycle 

Unheeted  Probe 
(340#F  Max.) 

UOO'F  Probe 

500*F  Probe 

1.021 

2 

2 

2 

1.048 

2-3 

2 

2 

1.072 

Light  brown  with 
black  spots 

Light  ataln 

Stain 

1.090 

7 

3-4 

6 

2.010 

7-8 

3-4 

7 

2.035 

7-8 

3-4 

6 

2.069 

8-9 

5-6 

7-8 

2.100 

9 

5-6 

7-8 

The  deposits  on  the  400*F  and  500*F  probes  were  always  observed  as  a  stain 
with  the  500*F  probe  darker  than  the  400‘F  probe.  Starting  at  test  cycle 
2. CIO  or  after  110  test  cycles,  the  3to*F  probe  vea  observed  to  have  a 
thick  coating  of  deposits  rather  than  being  stained  in  appearance.  After 
2.036  the  deposits  were  noted  to  be  rough  in  appearance;  after  2.070  the 
deposits  were  starting  to  flake  off,  and  after  2.100  the  deposits  were 
flaking  off  quite  easily.  An  unheated  titanium  (Ti-6Ai-4Va )  probe  vms 
mounted  in  the  tank  after  test  cycle  2.036.  It  could  not  be  rated  with  the 
CRC  Lacquer  Rating  Scale  since  the  stain,  though  slight,  wav  different  in 
color  free  the  deals .  Severer,  there  appeared  to  be  no  significant  difference 
between  the  amount  of  deposits  on  the  aluminum  and  titanlm  probes  on  the 
basis  of  equal  number  of  test  cycles. 
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Tbe  entire  wing  tank  w>  »W  *lve  tines  during  the  two  teat  series 
by  eaklng  a  sketch  cf  the  t*tk  showing  tbe  location,  area,  and  rating  of 


the  deposits. 

These  visual 

examinations  are  sums 

arlxed  as 

follows :  ! 

1 

1 

Rating  After 

Tube 

Bottoa  - 

} 

Bottom  - 

Tost  cycle 

Sides 

Vent  Area 

Trusses 

Dry  Areas 

Fuddle  Areas 

1.046 

3.4 

7-8(9) 

- 

5-6(3-4) 

9  (7-8) 

1.100 

3-M5-6) 

7-8(9) 

3-6 

7-8(5  -6) 

9  to  l/32" 

thick 

i 

2.035 

3-4 

7-8(9) 

4-6 

7-8(5-6) 

1 

•f  ! 

1 

2.069 

3-4 

7-8(9) 

4-6 

9 

If 

2.100 

5-6(7-8) 

8-9 

4-6 

9  (7-8) 

Up  to  l/l6"  : 

thick  (9) 


The  ratings  given  are  first  the  rating  of  the  greatest  area  followed  by 
the  rating  of  a  asaller  area  in  parenthesis.  The  sketch  made  of  the  wing 
tank  after  test  cycle  2.100  is  shown  on  Figure  7*  The  discolorations  of 
the  top  and  sides  of  the  tank  were  rainbow  in  appearance  and  very  thin. 

The  entire  top  ox  the  tank  was  rated  ae  6-7  on  the  CRC  lacquer  Rating  Scale 
and  very  clooely  matched  the  stain  of  tbs  500*F  probe .  The  stain  of  the 
400*F  probe  closely  matched  the  sides  of  the  tank.  Tbe  discoloration 
the  struts  varied  from  the  same  color  as  the  top  and  bottom  of  the  t* 
in  the  areas  adjacent  to  the  top  and  bottom  of  the  tank,  to  the  same  <.  ^  jr 
as  the  sides  of  the  tank  at  tbe  middle  of  tbe  struts.  The  center  support 
bar  was  very  dark,  almost  aw  dark  as  the  dry  portions  of  tbs  tank  bottom. 
The  discoloration  of  the  support  bar  indicates  that  fuel  condensed  on  tbe 
bar  and  dripped  from  the  bottom  of  the  bar.  The  phenomenon  of  condensation 
accelerating  deposition  was  also  found  in  other  wing  tank  deposit  programs 
(References  4  and  5)*  The  deposits  on  the  300*F  probe  were  mors  brown  in 
appearance  than  any  specific  area  of  the  tank.  A  photograph  of  the  probes 
is  shown  in  Figure  C.  The  wing  tank  disk  was  the  same  color  as  tbe  dry 
portions  of  the  wing  tunlt  bottom.  The  dish  was  tbs  same  color  as  tbe  fuel 
puddle  areas,  hut  there  was  only  a  slight  indication  of  deposit  blistering 
in  the  dish.  A  photograph  of  tbs  dish  and  disk  is  shewn  in  Figure  9. 

The  paddle  areas  of  the  tank  wars  covered  with  brown-black  deposit 
that  was  very  roug*?  and  appeared  blistered,  as  shown  ir  Figure  10.  lowerer, 
the  deposit  was  very  hard  and  very  adherent  to  the  tank.  Temperature 
measurements  of  nhe  areas  that  had  rough  and  bllstery  deposit  f -floats 
that  these  were  puddle  areas.  The  temperature  increased  more  slowly  than 
tbs  dry  skin  temperature  profile,  and  at  300*7  the  temperature  remained 
constant  for  approximately  10  minutes  (apparently  until  tbe  fuel  above  tt* 
thermocouple  had  vaporised)  and  thus  mere  rapidly  increased  to  500* F. 
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T^nk  Deposi 


to  j;r.»y 

J  hl.uk 


DEPOSIT 


0 


0» 


tei 


TITANIU 


31 


&■ 


DISH 


The  color  of  the  puddle  arm  deposits  under  the  boost  pump  (see  Figure  11 ) 
was  a  rust-brown.  The  difference  In  c.  lor  of  these  deposits  c capered  to 
oth«r  areas  say  be  attributed  to  the  condensing  of  fuel  vwpnr  on  the  outer 
housing  of  the  boost  puap  cooling  coil  and  the  dripping  of  the  condensate 
on  the  bottoa  of  the  tank.  Eepoi.lt  analysis  results  showed  the  amount  of 
iron  to  be  .01%  indicating  that  the  material  was  not  rust.  The  area  around 
the  vent  was  black  and  had  a  powdery  appearance.  The  horizontal  portion  of 
the  vant  line  contained  a  loose  gritty  material. 

Prior  to  cleaning  th»»  wing  tank  in  preparation  for  the  third  test 
aeries,  plaster  casts  were  wade  of  the  deposits  at  three  locations  on  the 
bottom  of  the  tank;  thesa  locations  are  shown  in  Figure  7*  The  sate  rial 
used  was  Puritan  Potter's  Plaster.  Plaster  casta  were  wade  again  of  these 
locations  after  the  wing  tank  waa  cleaned.  A  dliL*  indicator  was  then  iu,od 
to  measure  the  difference  in  the  cssts  for  each  location  on  a  measurement 
grid  consisting  of  3/3  inch  lines.  The  maximum  deposit  thickness  measured 
at  the  three  locations  la  as  follows: 

Location  Maximum  Deposit  Thickness,  Inches 


AA-A 

.046  (peaks  as  high  as  .062") 

BB-B 

CC-C 

.027 

A  sample  of  the  puddle  area  deposits  and  vapor  was  taken  after  test  cycles 
1.048,  1.100,  and  2.100.  The  results  of  these  analysis  are  included  In 
References  6,  7,  and  8.  The  deposit  analysis  results'  are  shown  In  Thble  II. 
Comparing  these  results  to  those  obtained  on  wing  tank  deposits  In  the 
past,  Reference  ^  indicates  that  these  deposits  with  the  exception  of  those 
from  the  booster  pump  area  have  a  much  higher  quantity  of  sodium  and  silicor* . 
Assuming  no  errors  were  eade  in  the  <*nalys*s  these  materials  may  he 
attributed  to  insufficient  flushing  of  the  wing  tank  after  the  tank  wms 
cleaned  for  the  first  test  ssrles.  The  tank  was  first  "sand-blasted"  with 
salt  and  than  soda  lima  glass.  If  the  flushing  operation  which  followed 
was  not  effsetive,  then  high  values  of  sodium,  silicon,  and  calcium  are 
understandable.  Assuming  that  the  cleaning  operation  was  the  source  of  this 
material,  the  total  carbon  and  hydrogen  in  the  actual  fuel  deposit  can  be 
corrected  frees  17.6  to  44£  Further  agreement  to  previous  deposit  analysis 
is  evident  from  the  larger  ratio  of  carbon  to  hydrocarbon  in  the  sample. 
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TABLE  H  -  WOC  TAHK  DgPOgIT  AHALY3IB* 


TEST  CYCLE 

1.048** 

1.100*** 

2 

.100 

a. 

FUDDlf" 

bOOflTER 

BLACK 

BROW! 

GRAY 

ARXA 

POMP  AREA 

Sodium 

30* 

2.0* 

1.0* 

10-2o* 

2.0* 

<0.01* 

Silicon 

20 

0.5 

5.0 

8 

0.3 

0.04 

Qalciun 

10 

0.1 

0.2 

0.8 

0.8 

2.0 

AliMlnum 

1.0 

0.2 

0.1 

0.6 

0.15 

0.01 

Magnesium 

0.8 

0.04 

0.2 

1.0 

0.3 

0.02 

Iron 

0.5 

c.3 

0.2 

5.0 

1.0 

0.01 

Copper 

0*2 

0.02 

- 

. 

0.1 

0.005 

Lead 

0.1 

0.02 

- 

ms 

0.25 

0.005 

Chromium 

0.05 

0.03 

tm 

•» 

0.2 

<.01 

■ickel 

0.03 

0.01 

as 

m 

0.1 

<.005 

Ti**niun 

0.03 

0.01 

0.2 

2.0 

0.02 

<.01 

Ifcggaaese 

0.01 

HR 

HR 

HR 

0.03 

<0.001 

Zirconium 

<0.01 

HR 

HR 

HR 

3R 

HR 

Molybdenum 

0.001 

HR 

MR 

HR 

HR 

LR 

Silver 

<0.001 

HR 

HR 

HR 

0.04 

0.005 

Cobalt 

HR 

4.P 

- 

0.03 

HR 

HR 

Boron 

HR 

- 

.1 

0.8 

0.01 

<0.005 

•Retina  ted.  percent  determined  by  Italscion  Spec trographic  Analysis 
♦•Combustion  of  this  sample  followed  by  get  ch:*OMatograpfaic  analysis 
indloatad  l6.4 *  carbon,  1.2*  hydrogen. 

*  '•Observation  under  microscope  revealed  three  types  of  samples: 

Black-brittle  or  charred  material,  Brown  -  dark  Material  under  brownish 
sponge.  Gray  -  Malleable  dark  Material 

HR  *>  Hot  Reported 
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Figure  11.  Wing  Tank  Deposits  (Boost  Pump  A:*  a) 


Fuselage  Tknk 

Operational  Procedure  -  Prior  to  each  teat  cycle,  except  for  tbe  first 
test  cycle  of  the  first  test  series,  the  fuselage  tank  initially  contained 
an  average  fuel  reserve  of  66  gallons  remaining  from  the  previous  test 
cycle.  Fresh  fuel  ranging  in  temperature  from  12  to  75 *F  was  pumped  into 
the  tank  through  a  totalizing  flowmeter  and  the  fuselage  tank  level  control 
valve  until  the  level  control  valve  closed.  The  level  control  valve  was 
mounted  at  a  height  of  approximately  33  Inches  in  the  fuselage  tank,  which 
permitted  it  to  shut  off  the  fuel  flow  when  the  fuel  quantity  was  364.4  ±  1 
gallons.  This  quantity  is  95  percent  of  the  fuselage  tank  capacity.  The 
weight  ratio  of  residual  fuel  to  fresh  fuel  at  the  start  of  a  test  cycle 
was  C.19. 

After  the  tank  was  filled  and  pressurized  with  nitrogen  to  2  pslg, 
the  test  cycle  commenced,  and  tbe  internal  pressure  of  the  fuselage  tank 
was  automatically  reduced  in  accordance  with  the  pressure  schedule.  At  14 
minutes  after  start-up,  the  fuselage  tank  heaters  were  energised  in 
accordance  with  the  heating  schedule  ascertained  during  the  initial  test 
cycles.  This  heating  schedule  was  established  to  produce  the  required 
fuselage  fuel-out  temperature  and  was  used  for  all  test  cycles,  with  tbe 
exception  of  tbo-e  test  eye  Leo  wherein  the  fuel  temperature  at  the  beginning 
of  the  cycles  was  greater  than  @3*F.  For  these  test  cycles,  the  heat  input 
to  the  wetted  areas  of  the  fuselage  tank  was  discontinued  for  a  maximum  of 
20  minutes  in  order  to  duplicate  the  temperature  profile. 

At  l^.O  ±  0.3  minutes  After  start-up,  when  the  wing  tank  fuel 
diminished,  the  fuselage  pump  was  energized.  As  a  given  section  of  the 
heated  fuselage  tank  skin  became  unwetted,  the  temperature  of  that  section 
approached  50G*F.  The  heating  schedule  provided  for  heating  of  the  fuel 
tank  until  100  minutes  after  test  start-up.  De -energization  of  the  heaters 
at  100  minutes  instead  of  126  minutes,  the  start  of  descent,  was  necessary 
to  minimize  the  fuselage  fuel -out  temperature  during  descent  in  order  to 
approximate  the  overall  design  profile  requirements.  Reference  2.  During 
the  time  from  100  to  126  minutes,  the  unwetted  fuselage  tank  skin  decreased 
from  500  to  4oO*F.  Based  on  past  tasting.  Reference  4,  this  deviation  from 
the  fuselage  tank  temperature  profile  requirements  is  considered  to  have 
little  or  no  effect  on  the  results.  At  126  minutes  after  tmst  start-up, 
the  vibration  (input  frequency  7000  epa  at  2.5  g's)  was  actuated  and  tank 
cooling  coawenced. 

The  vibration  excitation  period  was  10  minutes,  the  tank  cooling 
continued  for  one  hour  after  test  completion,  and  than  the  fuselage  tank 
was  refueled. 

A  time- temperature  history  of  the  fuel  and  vapor  in  the  fuselage 
tank  ir  shown  in  Figure  12. 


2? 


TOTAL  SKIN  AREA  =  99.  5  SQ  FT 


HEATED  AREA  =  34.  2  SQ  FT 


TEST  CYCLE  TIME  •  MINUTES 


Figure  12.  Time -Temperature  History  of  Fuel  and  Vapor  in  Fuselage  Tank 


Results  -  The  fuselage  tank  «t  opened  and  Inspected  upon  completion  of 
test  cycle  1.046  and  the  first  and  second  test  series.  It  was  noted  that 
the  entire  tank  a*  clean  after  the  test  cycle  1.046  and  the  first  test 
series.  At  the  second  test  series  inspection  it  was  found  that  the  top  four 
sections  at  each  end  of  the  tank  bottom  curved  surface  lad  a  very  slight 
discoloration.  The  vent  area  had  a  fainter  discoloration.  The  remainder  of 
the  tank  was  clean. 

A  sample  of  the  reserve  fuel  remaining  in  the  fuselage  taxk  after 
the  second  test  series  was  tested  on  the  gas  drive  coker.  The  fuel  passed 
the  450/550  conditions  and  failed  at  475/575  and  500/600.  Fresh  fuel  had 
passed  the  425/525  conditions,  failed  one  out  of  three  tests  at  450/550,  and 
failed  all  tests  at  475/575  and  500/600.  These  results  indicate  that  the 
reserve  fuel  was  not  adversely  affected  by  the  heating  and  replenishing  cycles. 

Altitude  and  Inerting 

Operational  Procedure  and  Results.-  Prior  to  test  cycle  start-up,  the 
autooaiic  altitude  control  solenoid  valve  and  the  vacuum  pumps  were  energized 
and  fuselage  and  wing  tanks  pressurized  to  16.6  ±  0.3  pole  with  gaseous 
nitrogen.  At  test  cycle  start-up  the  altitude  programmer  was  energized  and 
automatically  controlled  the  tank  pressure  as  shown  in  Figure  3,  to  within 
±0.4  psl .  The  maximum  rate  of  pressure  reduction  during  simulated  climb 
way  1.6  pel  per  minute.  At  16  minutes  after  test  start,  the  pressure  of  the 
tanks  reached  3.6  ±  0.2  psi  and  this  pressure  was  maintained.  At  126  minutes 
after  test  cycle  start-up,  the  pressure  of  the  tanks  was  automatically  in¬ 
creased  by  addition  of  gaseous  nitrogen  to  17 .2  ±0.2  psl  at  a  maximum 
rate  of  0.8  psl  per  minute. 

Vent  Basting 

Operational  Procedure  and  Results  -  At  16  :uinuteB  after  test  cycle 
start-up,  the  resistance  heater  tapes  on  the  fuselage  and  wing  tank  vent 
lines  were  energized  to  simulate  aerodynamic  nesting.  An  individual  power - 
stat  and  temperature  controller  was  used  to  attain  a  metal  temperature  of 
495  A  5*P  at  47  ±  2  minutes  after  test  start-up,  and  to  maintain  thie 
temperature  throughout  cruise  conditions.  At  126  minutes  after  test  start-up, 
the  heater  tapes  were  de-energized.  The  temperature  of  the  vent  lines  then 
decreased  at  a  linear  rate  to  310  ±  10*F  at  159  minutes. 

Upon  completion  of  the  two  test  series,  the  vent  lines  were  inspected 
for  deposits.  The  fuselage  tank  vent  line  was  given  a  rating  of  2  to  3  on 
ths  CSC  lacquer  Hating  Soale,  Reference  3,  for  the  first  seven  Inches  above 
the  tank.  The  coating,  which  was  very  thin,  decreased  to  a  rating  of  Z 
at  the  connection  to  the  surge  tank.  The  wing  tank  vent  line  rated  6  to  7 
from  the  wing  tank  to  the  surge  tank,  and  it  was  noted  that  the  deposit 
was  very  thin. 
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Fuel  Condensate 


Operational.  Procedure  and  Results  -  Upon  completion  o f  each  test  cycle 
the' condensate  resulting  from  tank  fuel  boil-off  was  drained  from  the. 
vacuum  system  condenser  tank  and  measured.  During  the  first  31  test  cycles 
of  the  first  test  series,  the  amount  of  condensate  ranged  from  5  to  685 
milliliters  per  cycle.  From  test  cycle  1.009  to  1.031  the  amount  of  con¬ 
densate  was  greater  than  270  milliliters.  Based  on  previous  testing,  this 
amount  of  condensate  is  not  unusual  for  the  vent  system  design  previously 
used.  However,  after  test  cycle  1.031/  it  la  found  that  the  wing  tank 
reference  pressure  valve  to  the  wing  tank  sump  mis  closed.  It  is  believed 
that  this  valve  was  closed  from  test  cycle  1.009  to  L.031.  When  this  valve 
is  closed,  the  sump  tank  is  not  referenced,  or  vented  to  the  wing  tank,  and 
tne  unpumpable  fuel,  five  to  six  gallons,  drains  much  more  slowly  into  the 
sump  tank.  This  leaves  a  greater  amount  of  puddle  fuel  in  the  wing  tank, 
and  therefore  results  in  a  different  temperature  environment.  After  test 
cycle  1.031,  the  valve  was  lockvired  in  the  open  position  to  prevent  in¬ 
advertent  closure.  From  test  cycle  1.032  through  2.100  (the  remaining  I69 
test  cycles)  the  amount  of  condensate  exceeded  100  milliliters  during  seven 
test  cycles  (range  230  to  495  milliliter  per  cycle)  and  during  the  rest  of 
the  test  cycles  the  avenge  amount  of  condensate  was  32  milliliters  per 
cycle . 

Booster  Pump 

Operational  Procedure  -  Prior  to  the  start  of  each  test  cycle  both  booster 
pumps  were  started  under  a  no-flow  condition  and  checked  for  proper  operation. 
The  fuselage  boost  pump  was  de-energized,  and  the  wing  boost  pump  was  used 
to  supply  fuel  during  the  first  portion  of  the  test  cycle.  At  15.0  ±  0.3 
minutes  after  test  start-up,  the  airframe  system  pressure  rapidly  dec re* ted 
due  to  the  low  level  of  the  fuel  in  the  wing  tank.  Ifce  pressure  decrease  was 
immediately  followed  by  a  decrease  in  flow  rate  at  which  time  the  fuselage 
boost  pump  was  energized  and  wing  boost  pump  de-energized. 

Results  -  Hie  fuselage  boost  pump  was  replaced  prior  to  test  cycle  1.036 
due  to  an  lrnnendlng  bearing  failure.  The  fuselage  boost  pump  and  mounting 
flange  were  not  visibly  discolored  after  the  two  test  series.  Deposits  were 
evident  on  the  wing  tank  boost  pump  and  flange. 

Air f mine  Filter 


Operational  Procedure  and  Results  -  Approximately  101,000  gallons  of  fuel 
ranging  in  temperature  from  69  to  220* F  passed  through  the  71*  micron  filter 
during  the  two  test  series.  The  pressure  drop  across  the  filter  during  each 
test  cycle  is  shown  in  Figurel3  for  the  climb  condition.  Based  on 
the  data  obtained,  there  was  no  measurable  increase  in  pressure  drop. 
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This  would  indicate  that  the  flow  equivalent  time  base  is  at  leaax  >50  hours 
(ten  times  the  minimum).  The  airframe  filter  was  removed  after  the  two  series. 
Numerous  particles  were  noted  between  the  folds  of  the  filter  element. 

Articles  were  ala  found  in  the  filter  bowl  and  were  filtered. into  a 
milllpore.  Visual  observation  indicates  these  are  teflon,  metal  slivers, 
small  black  particles  which  may  have  been  wing  tank  deposits  and  other 
miscellaneous  debris.  The  overall  color  of  ti.e  filter  element  was  slightly 
darker  than  a  new  element  and  is  shown  in  Figure  l4.  The  weights  of  the 
filter  element  prior  to  and  at  the  end  of  the  test  were  335.8  and  336.5 
grams,  respectively. 

Airframe  Heat  Exchanger 

Ogsratlonal  Procedure  -  A  napthenlc  mineral  oil  was  circulated  through 
the  shell  aide  of  the  iieat  exchanger  at  a  flow  rate  of  3*0  gpm.  This  oil 
was  heated  by  an  electrical  heater,  having  a  variable  beat  con  .*ol,  to 
simulate  the  heat  rejected  to  the  fuel  by  the  various  airframe  subsystems. 

For  each  test  cycle,  the  heat  input  to  the  oil  vte  set  according  to  a 
schedule  established  during  the  initial  test  cycxes.  The  beater  was 
energised  at  test  cycle  start-up  and  de-energized  126  minutes  thereafter. 

The  heat  input  to  the  fuel  during  this  period  reached  a  maximum  of  6t0  BTU/ 
minute.  The  average  fuel  temperature  rise  across  the  airframe  heat  exchanger 
during  cruise  conditions  was  69*F,  and  a  maximum  fuel -out  temperature  of  270*  F 
was  reached  during  the  test  cycle. 

Results  -  There  was  no  apparent  change  in  overall  beat  transfer 
coefficient  and  pressure  drop  of  the  airframe  heat  exchanger  as  shown  in 
Figures  15  and  16.  The  heat  exchanger  units  vers  removed  after  the  two 
test  series  and  inspected.  The  inlets  were  claan,  and  the  outlets  were 
a  2  to  3  on  the  CRC  lacquer  Rating  Scale,  which  is  believed  to  be  no  darker 
than  when  they  were  Installed. 
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Figure  14.  Airframe  Filter,  Element 


Staging  Puap  Subsystem 

Operational  Procedure  -  The  puap  speed  and  two  throttling  valve*  (twin 
engine  and  bypass)  were  regulated  during  the  test  cycle  tc  produce  the 
specified  temperature  increase  across  the  puap  subsystem  and  the  required 
fuel  flow  rate.  The  through-put  flow  rate  was  $.8,  2.1,  and  2.7  gpm  during 
climb,  cruise,  and  descent,  respectively.  The  puap  bypass  flow  rate  was 
0,  3.6,  and  3.4  gpn  during  cllab  cruise,  anu  descent,  respectively.  The 
Increase  In  temperature  across  the  subsystem  was  maintained  at  5>  10,  and 
1C*F  during  these  conditions,  respectively.  The  temperature  of  the  fuel 
measured  immediately  downstream  of  the  pump  reached  a  maximum  of  20O*F 
during  the  test  cycle. 

During  test  cycles  1.006  and  1.017  fuel  samples  were  taken  downstream  of 
the  engine  puap  in  order  to  analyze  the  engine  pump  wear  products,  if  any. 

This  was  performed  because  the  pump  can  greatly  affect  the  results  obtained 
In  the  engine  system,  see  Reference  4.  Also,  the  puap  contained  some 
objectionable  materials  (copper,  silver,  and  cadmium)  and  though  these  are 
located  where  they  are  not  subject  to  wear,  it  was  advisable  to  make  this 
analysis. 

Resv-Lts  -  The  analyses.  Reference  9,  indicate  that  the  amount  of  copper 
and  iron  Is  normal.  The  amount  of  silver  and  cadmium  indicates  that  the  silver 
or  cadmium  bearing  materials  in  the  puap  are  nr-J  releasing  wear  products  Into 
the  fuel.  The  amounts  reported  for  silver  and  cadmium  are  at  the  lower  limits 
of  detectability  for  these  tests. 

Upon  completion  of  the  first  test  series  th*  engine  pump  outlet  was 
inspected  and  found  to  be  clean.  The  engine  pump  was  removed  from  the 
system  after  the  second  test  seri-'*  and  Inspected.  The  Inside  of  the  inlet 
fitting  (Figure  17)  was  coated  r..u  a  very  light  tan,  powdery  deposit  that 
could  be  wiped  off  easily.  There  was  no  deposit  or  discoloration  evident 
on  the  outlet  fitting.  Bo  spline  wear  was  evident.  This  phenomenon  of  the 
inlet  containing  more  deposit  than  the  outlet  occurred  u~rlng  the  first  test 
series  of  Refarenoe  U  and  is  not  unusual.  It  is  hypothesized  that  this 
phenomenon  is  caused  by  a  rapid  decrease  in  Reynolds  Humber  causing 
pt'-rtlculate  matter  to  deposit  from  the  bulk  fuel.  Tbs  deposition  does  not 
occur  at  the  higher  Reynolds  Number.  The  punp  was  shipped  to  the  manu¬ 
facturer  for  disassembly  and  visual  inspection.  It  was  reported,  Reference 
10,  that  all  pump  components  were  in  excellent  condition.  A  very  slight 
scoring  was  observed  on  the  cylinder  barrel  outer  stabilizing  lands  and  on 
the  corresponding  surface  of  the  port  block  face.  This  was  reported  as  a 
normal  condition  resulting  from  the  effects  of  the  cylinder  bsirel  pressure 
over-lalar.ee.  mo  overhaul  or  parts  replacement  was  necessary. 
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Engine  Filter 


A  2  micron  filter  element  urns  used  for  the  engine  filter  in  lieu  of  the 
more  simulative  4o  micron  size.  Based  cr.  past  experience.  Reference  4,  it  bad 
been  found  that  the  filter  reflected  engine  pump  degradation  rather  than  fuel 
coking.  Therefore,  in  order  to  preclude  possible  pump  contamination  in  the 
remainder  of  the  engine  system,  a  decision  was  made  to  use  a  2  micron  nominal 
(15  micron  absolute)  filter.  As  testing  progressed,  It  was  found  that  the 
2  micron  filter  element  performance  was  reflecting  Incoming  contamination 
and  not  pump  contaminants .  It  was  decided  to  continue  using  this  size  so 
that  the  incoming  contaminants  would  also  not  affect  engine  component  per¬ 
formance  . 

Approximately  101,000  gallons  of  fuel  ranging  in  temperature  from  70  to 
28 0*F  passed  through  the  filter  assembly  during  the  two  test  series.  The 
2  micron  nominal  (15  micron  uosolute)  filter  element  wan  replaced  18  times 
during  the  t  to  test  series.  The  pressure  drop,  measured  during  climb  condi¬ 
tions  Is  shown  in  Figure  18.  replacement  of  the  filter  element  due  to  ex¬ 
cessive  pressure  drop  varied  from  2  to  27  cycles.  The  solids  on  the  filter 
elements  were  analyzed  and  found  to  be  lnor&wlc  material  (Reference  11 ). 
Additionally,  the  engine  filter  element  lusted  longer  after  the  fuel  feed 
depth  filter  (2  micron  nominal  -  10  micron  absolute)  was  changed.  It  wre 
therefore,  concluded  that  the  engine  filter  ela<ients  reflected  depth  filter 
efficiency  and  system  debris  rather  than  fuel  thermal  degradation.  This 
phenomenon  mss  noted  with  respect  to  the  airframe  filter  wiring  the  fourth 
twt  eerie*  of  Reference  h. 

Rich  engine  filter  element,  removed  from  the  system  was  ultrasonically  cleaned 
and  reused.  A  total  of  three  elements  were  used  for  the  two  test  series. 

Bfaglne  end  Uhl -Tube  Hsst  Exchangers 

Calibration  Test  Procedure  -  Prior  to  the  first  test  series  and  after  the 
second  test  Series,  iiie  engine  and  Uhl -Tube  heat  exchangers  were  calibrated 
under  fluid  flow  and  thermal  conditions  that  produced  beet  transfer  coeffi¬ 
cients  approximately  twice  those  encountered  during  the  normal  test  cycles. 

The  purpose  of  these  teat*  1*  to: 

1.  Determine  more  accurately  the  heet  transfer  efficiency  lose  by  using 
higher  heating  capacity  and  flowrates. 

2.  Determlnw  If  e  calibration  «hlft  has  occurred. 

The  fuel  was  preheated  in  the  fuselage  tank  to  186  ±  6*7  and  was  recirculated 
through  the  beat  exchangers.  The  oil  was  preheated  to  hJO  t  20*7  while  flow¬ 
ing  through  the  engine  and  Uhl-Tube  heat  exchangers  at  rj.k6  t  0.0k  gpa  and 
0.5  gpm,  respectively. 

The  fuel  flow  rate  was  then  adjusted  to  11.65  1  0.05  gpm  (71.1  lb*/min)  through 
the  engine  beet  exchanger;  this  produce’  a  l>ii-Tube  fuel  flow  rate  of  O.33  gpm. 
The  Uhi -Tube  oix  flaw  rate  was  then  adjusted  (0.5k  ±  0.01  gpm)  to  produce  a 
fuel -out  temperature  identical  to  that  of  the  engine  beet  exchanger.  After  the 
fluid  outlet  temperature*  had  stabilized,  the  test  was  repeated  with  fuel  flow 
rates  of  8.73  *  O.03.  5-85  ±  0.10,  and  2.91  *  0.01  gpm,  and  0.2k  ±  0.01, 

O'.  16  i  0.01,  and  0.06  i  0.01  gpm  through  the  engine  and  Uhi  Tube  heat 
exchanger*,  respectively. 
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FLOWRATE  =  5.  8  GPM 


TEST  CYCLES 

Figure  18.  Pressure  Drop  Across  Engine  Filter 


The  Ubi-Tube  and  engine  beat  exchanger  oil  flow  rates  were  the  oasts  for 
all  tests.  The  heat  input  for  the  11. 7»  8.7,  and  5*9  gpm  tests  was 
a670  BTU/Mln.  and  for  the  2.9  gpm  test  the  heat  input  was  1340  BTU/min. 

The  overall  heat  transfer  coefficient  of  the  engine  heat  exch  anger  and 
the  fuel  side  heat  transfer  coefficients  (outlet  and  average)  of  the 
Uhi-Tube  heat  exchanger  were  computed  from  measurements  of  fuel  flow  rate 
and  fuel,  oil  and  tube  wall  temperature  measurements.  The  overall  heat 
transfer  coefficient  was  corrected  to  an  average  fuel  temperature  in  the 
heat  exchanger  of  210*F- 

normal  Operating  Procedure  -  The  shell  side  fluid,  a  napthenic  mineral  oil, 
was  circulated  through  the  engine  heat  exchanger  at  a  rate  of  2.7  gpn*  and 
through  the  Uhi-Tube  heat  exchanger  at  0.3  gpm.  This  oil  w&b  heated  by  an 
electrical  heater  to  simulate  the  heat  rejected  to  the  fuel  by  the  engine 
lubrication  and  hydraulic  systems.  IXiring  each  test  cycle,  the  average 
heat  input  was  controlled  to  540  BTU/min.  as  established  during  the  initial 
test  cycles.  This  heat  input  resulted  in  an  average  fuel  temperature  in¬ 
crease  across  the  heat  exchanger  of  25  and  60*F  during  the  climb  and  cruise 
conditions,  respectively. 

At  beginning  of  descent  the  heater  was  de-energized  and  the  temperature  rise 
during  descent  was  that  resulting  from  the  residual  heat  in  the  oil  system. 

Tm  maximum  temperature  of  the  fuel  out  of  the  engine  exchangers  occurred 
(t  the  start  of  descent  and  was  340*F.  The  measured  aaxlmua  tube  wall  tempera¬ 
ture  on  the  Ubi-Tube  beet-  exchanger  was  385*?. 

Steady  State  Cruise  Test  Cycle  Procedure  -  During  the  performance  of  the 
test  cycles  of  the  two  test  series,  20  wsteady  state  cruise  test  cycles" 
were  conducted  approximately  every  10  test  cycles.  The  "steady  state 
cruise  test  cycle"  consisted  of  a  normal  test  profile  except  that  the 
fuselage  tank  heaters  were  de-energ^zed  to  permit  the  temperature  of  the  fuel 
entering  the  engine  and  Uhi-Tube  beat  exchanger  to  stabilize  (186  ±  5*F). 

During  this  stabilisation  period,  the  fuel,  oil,  and  tube  wall  temperatures 
were  measured  with  the  more  sensitive ( lower  scale)  of  a  dual  range  recorder. 
These  temperatures  ware  then  used  to  determine  the  overall  beat  transfer 
coefficient  of  the  engine  heat  exchanger  and  the  fuel  side  heat  transfer 
coefficients  of  the  Uhi-Tube  heat  exchanger.  Upon  completion  of  this 
stabilized  portion  of  the  test  cycle,  the  fuselage  tank  heaters  were  re¬ 
energized  to  simulate  the  profile  during  the  remainder  of  the  test  cycle. 
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Uni -Tube  Heat  Exchanger  Discussion  -  The  purpose  of  the  Uhl -Tube  heat 
exchanger  is  to  obtain  fuel  side  beat  transfer  Information  which  can  be 
used  to  determine  the  fuel  side  heat  transfer  efficiency  loss  of  the  engine 
heat  exchanger.  The  design  of  the  liii-Tube  heat  exchanger  is  delineated  in 
Reference  2.  The  two  configurations  (l  and  2)  discussed  therein  were 
tested  during  the  pre-test  series  calibration  tests,  and  it  was  found  that 
the  tube  sail  thermocouples  of  configuration  2  were  the  most  sensitive  to 
tube  wall  temperatures  and,  therefore,  more  sensitive  to  fuel  degradation. 
However,  these  thermocouples  were  not  as  sturdy  as  those  of  configuration  1. 
and  four  of  the  ten  thermocouples  were  inoperative  at  the  end  of  the  cali¬ 
bration  tests.  The  remaining  six  thermocouples  produced  temperature  measure¬ 
ments  which  were  internally  consistent  %nd  agreed  with  measurements  made 
during  previous  testing.  Reference  4.  furthermore,  the  oil  side  heat 
transfer  coefficient  was  calculated  based  on  these  temperature  measurements 
and  compared  to  the  theoretical  heat  transfer  coefficient  for  an  annular 
tube  in  the  laminar  flow  range.  These  values  were  within  5*3$  of  each 
other.  Therefore,  it  is  considered  that  the  Ifcd-Tube  instrumentation  is 
reliable  as  a  source  of  data  for  fuel  degradation. 

The  flow  rate  in  the  Uhl -Tube  is  not  exactly  the  same  as  the  average 
flow  rate  per  tube  of  the  engine  heat  exchanger.  However,  this  deviation 
is  such  that  the  effect  on  the  difference  in  tube  wall  temperature  between 
the  Uai-Tube  and  engine  heat  exchanger  is  calculated  to  be  5*F  during  the 
test  cjcle.  Therefore,  when  the  maximum  measured  tube  wall  temperature  in 
the  Uhl -Tube  is  385 *F,  the  maximum  tube  wall  temperature  in  the  engine  heat 
exchanger  should  be  380*?.  Therefore,  it  is  regarded  that  the  Uni -Tube 
simulates  the  temperature  environment  of  an  average  tube  in  the  engine  heat 
exchanger,  and  tba  engine  heat  exchanger  fuel  side  heat  transfer  coefficient 
can  be  calculated  from  the  fuel  side  heat  transfer  coefficient  of  the 
Uni -Tube  heat  exchanger. 

Results  -  The  calculated  heat  transfer  coefficients  for  the  engine  and 
standard  heat  exchangers,  obtained  during  the  calibration  tests,  are  shown 
in  Figure  19-  As  evidenced  by  the  decrease  in  the  heat  transfer  co¬ 
efficients  of  the  standard  heat  exchange?,  a  calibration  shift  occurred 
between  the  tests.  The  engine  heat  exchanger  calibration  test  results 
indicate  the  same  decrease  within  the  repeatability  of  the  test  results; 

band.  Therefore,  it  is  concluded  from  the  calibration  tests  that  the 
overall  beat  transfer  efficiency  was  not  measurably  affected  by  the  fuel 
thernml  stability. 

The  results  of  the  Uni -Tube  calibration  tests  are  shown  in  Figure  20. 
These  results  indicate  that  the  fuel  side  heat  transfer  efficiency  was  not 
measurably  affected.  Since  this  fuel  side  heat  transfer  efficiency  on  the 
Uni -Tube  did  not  change  and  the  overall  heat  transfer  efficiency  of  the 
engine  and  standard  heat  exchangers  decreased,  it  can  be  concluded  that 
the  oil  side  heat  transfer  coefficient  decreased.  Based  on  the  result* 
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shown  in  Figures  20  and  21,  it  has  been  calculated  that  the  average  oil 
side  heat  transfer  coefficient  measured  during  the  calibration  tests  had 
decreased  from  660  to  622  BTU/hr-ft2-*F  (average  for  all  fuel  flow  rates 
since  oil  flowrate  was  the  same).  This  decrease  in  oil  side  heat  transfer 
coefficient  caused  the  decrease  in  the  standard  and  engine  overall  heat 

transfer  coefficients.  This  is  further  evidenced  by  the  results  obtained 
during  the  test  series,  Figure  21 . 

As  shown  in  Figure  21  the  overall  heat  transfer  coefficient  for  the 
first  75  test  cycles  of  the  first  test  series  was  231  +3,-5  BTUAr-ft2-*F, 
and  for  the  remaining  125  test  cycles  of  the  first  and  second  test  series, 
the  coefficient •vas  225  *  5  BTU/hr-ft2-*f .  Using  the  absolute  values  of  oil 
side  heat  transfer  coefficient  obtained  during  the  calibration  tests,  it 
was  found  that  the  ratio  of  the  oil  side  heat  transfer  coefficient  before 
and  after  the  two  test  series  was  1.05 .  It  can  be  shown  that  this  ratio 
is  equal  to  that  of  the  normal  test  cycles.  Using  the  Uhl -Tube  fuel  side 
heat  transfer  coefficient  obtained  during  the  test  cycles,  Figure  22,  and 
correcting  this  value  for  the  h igher  fuel  flow  rate  in  the  engine  heat 
exchanger,  it  was  found  that  if  the  initial  overall  heat  transfer  coeffi¬ 
cient  is  231  BTU/hr-ft  -*F,  as  was  measured,  and  the  ratio  of  initial  and 
final  oil  side  heat  transfer  coefficient  is  1.05,  then  the  overall  heat 
transfer  coefficient  at  the  end  of  the  test  series  will  be  224  BTU/hr-ft2 -*F. 
This  is  within  one  unit  of  the  actual  average  measurement.  It  is  therefore 
concluded  from  the  test  series  engine  heat  exchanger  data  chat  the  overall 
heat  transfer  efficiency  was  not  measurably  affected  by  the  fuel  thermal 
stability.  This  is  affirmed  by  jr  essure  drop  measurements  shown  in 
Figure  23  and  visual  inspection  of  the  engine  heat  exchanger.  Figure  24. 

The  fuel  aide  heat  transfer  coefficient  of  the  Utai-Tube  measured  during 
the  test  series  is  shown  in  Figure  22.  The  average  and  outlet  values 
were  555  and  449,  respectively.  There  appears  to  be  a  trend  indicating  that 
the  outlet  fuel  side  heat  transfer  coefficient  decreased.  This  coefficient 
is  measured  at  the  location  wherein  tube  wall  temperature  is  the  highest 
and,  therefore,  wherein  deposition  should  be  the  greatest.  It  is  considered 
that  the  outlet  fuel  side  heat  transfer  actually  decreased;  however,  this 
decrease  is  not  significant  with  respect  to  overall  heat  exchanger  per¬ 
formance  . 

Inspection  of  the  engine  heat  exchanger  after  the  series  and  before 
it  was  bisected  indicated  that  the  CRC  color  scale  rating  of  the  inlet  and 
outlet  was  0  and  2-3>  respectively.  The  inlet  and  outlet  mating  fittings 
rated  2  and  8-9,  respectively.  Here  again,  as  pointed  out  in  the  engine 
pump  section,  areas  of  Low  Reynolds  numbers  have  greeter  deposits  even 
though  the  temperatures  are  the  same.  The  heat  exchanger  was  then  bisected 
and  the  outer  shell  removed.  Tdiree  tubes  from  different  locations  xn  the 
heat  exchanger  were  cut  open  and  it  mis  found  that  they  were  consistent  in 
color.  A  photograph  of  half  the  exchanger  and  one  bisected  tube  is  shown 
in  Figure  24.  Inspection  revealed  that  the  oil  side  contained  no  deposits. 
The  fuel  inlet  was  discolored,  rating  less  than  2  on  the  CHC  Lacqu-r  Rating 
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Scale.  The  deposits  be  cam  more  prominent  toward  the  fuel  outlet  where  the 
tube  was  rated  a  3  on  tbs  CRC  Lacquer  Rating  Scale.  It  is  noted,  for 
future  inspection  purposes,  that  this  heat  exchanger  appeared  to  have  a 
fuel  side  deposit  .brown  in  color  whose  int*j*ity  lay  approximately  midway 
between  the  second  end  third  test  series  heat  exchangers  reported  in 
Reference  4.  These  beat,  exnhangers.  Reference  4,  were  reported  to  have  had 
no  measurable  loss  in  heat  transfer  efficiency.  . 


Figure  19.  Engine  Heat  Exchanger  Calibration  Test  Result 


''II-TUBE  FUEL  SIDE  HEAT  TRANSFER  COEFFICIENT  -  BTU/HR-FT2- 


MEAN  =  227 


EST  SERIES  - - -  SECOND  TEST  SERIES 

TEST  CYCLES 

Overall  Heat  Transfer  Coefficient  of  Engine  Heat  Exchanger 


AVERAGE 


- FIRST  TEST  SERIES  - ►}-* - —  SECOND  TEST  SERIES 

TEST  CYCLES 

Figure  22.  Fuel  Side  Heat  Transfer  Coefficient  of  Uni-Tube  Heat  Exchanger 
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Manifold 


Horn* 1  Operating  Procedure  -  The  manifolds  used  in  both  teat  series  were 
0.^125”  O.D.  x  6.026^  wall  321  stainless  steel  tubing.  Electrical  connector 
tabs  were  welded  to  the  center  and  ends  of  the  manifold  to  permit  terminal 
resistance  beating.  The  manifold  tubing  adjacent  to  the  tabs  at  the  ends 
and  center  are  relatively  unheated.  The  heating  power  supply  was  energized 
at  test  start-up  and  the  power  output  controlled  to  produce  the  fuel 
temperatures  Indicated  below.  This  heat  input  is  used  for  both  climb  and 
cruise  conditions. 

Heated  Heat  Input**  Fuel  Temp.**  Maximum  Fuel 

Test  Series  Length,  In.*  BTU/Min.  Increase,*?  Out  Temp.  *F 

First  115  846  85  ±  2  600 

Second  94  495  51  ±  1  500 


♦Distance  between  outer  electrical  connectors 

**Fuel-in  temperature  ^  290*F,  cruise  conditions,  steady  state  test  cycles 


During  descent  when  the  fuel  flowrate  was  decreased  from  2.7  gpm  to 
0.66  gpm,  the  fuel  outlet  temperature  increased  to  600*F  during  the  first 
teat  series  and  500*F  during  the  second  test  series.  This  maximum  tempera¬ 
ture  is  obtained  within  one  minute  and  then  is  slowly  decreased  in 
accordance  with  the  profile  requirement*  by  decreasing  the  power  supply 
output . 

Temperature  Measurement  Discussion 

Six  thermocouples  were:  located  'n  the  outer  wall  spaced  down  the 
length  of  the  manifold  tube  to  provide  a  measurement  of  heat  transfer 
coefficient  which  in  turn  would  permit  a  determination  of  fuel  deposits 
on  the  Inner  tube  walls.  The  method  of  thermocouple  attachment  was 
investigated  since  it  was  evident  that  attaching  the  thermocouple  directly 
to  the  tube  wall  would  produce  erroneous  measurements.  This  error  is 
caused  by  the  thermocouple,  and  hence  the  temperature  recorder,  being 
subjected  to  a  portion  of  d-c  heating  voltage  applied  to  the  tube.  It  was 
decided  to  use  a  method  of  thermocouple  attachment  reported.  Reference  12, 
to  be  successful  under  these  conditions.  This  consisted  of  electrically 
isolating  the  thermocouple  from  the  tube  with  a  thin  sheet  of  mica.  A  narrow 
strip  of  glass  tape  was  then  wrapped  around  the  tube  over  the  thermocouple 
followed  by  a  layer  of  asbestos,  and  a  circular  retaining  clamp  was  used 
to  hold  the  assembly  on  the  tube.  This  method  proved  unsuccessful  due  to 
fracturing  of  the  mica  when  the  thermocouples  were  flaxdd  during  insulation 
of  the  manifold.  It  was  decided  to  dm  one  layer  of  glaec  tape  instead  of 


the  nice.  This  method  wee  used  in  the  first  test  series  and  proved  to  he 
unsuccessful.  The  temperatures  measured  were  below  the  anticipated  values; 
i.e.,  during  cruise  conditions  there  was  a  discrepancy  of  20  to  4o*F.  The 
anticipated  values  had  been  calculated  using  the  following  equation: 

,  .  .  k  0.8  1/3  0.14  .  . 

t*  -  tf  ♦  O/A  (1/0.027  Npj.  )  +  Xy/kJ 


where:  ty  *  outer  wall  temperature  at  a  given  distance  from  the 

inlet,  *F 

tf  -  hulk  fuel  temperature  at  the  same  distance,  *F 
O/A  *  fuel  heat  input  flux,  BTU/hr-ft2 

k  *  thermal  conductivity  of  the  hulk  fuel,  BTlf/hr-ft^-F/ft. 
P  «  inner  diameter  of  the  tube,  ft. 

Np^.  Hpj.  *  Reynolds  and  Prandtl  numbers,  respectively,  of  the 
'  bulk  fuel,  dimensionless 

M/fj  y-  ratio  of  the  viscosity  of  the  bulk  fuel  to  the  fuel 
film,  dimensionless 

xw  =  manifold  wall  thickness,  ft. 

ktf  »  thermal  conductivity  of  321  stainless  steel, 

BTU/hr-ft2 -*F/ft. 


At  the  beginning  of  the  second  test  series,  other  methods  of  thermo¬ 
couple  attachment  were  tried  because  of  the  discrepancy  found  in  "the  first 
test  series.  The  most  accurate  method  found  was  the  tack-welding  of  a 
stainless  steel  sheathed  thermocouple  directly  to  the  tube  and  isolating 
the  temperature  recorder  from  ground.  However,  these  thermocouples  are  a 
special  order  item  (delivery  in  six  veeks )  and  therefore,  were  not  available 
for  use  in  the  second  test  series.  The  next  best  method  was  to  tack -veld 
a  constantan  wire  of  an  lron-ooaatantan  thermocouple  around  half  the  cir¬ 
cumference  of  the  tube  end  then  tack-veld  the  ? ron  wire  on  top  of  the 
constantan  wire.  A  test  eye la  ms  then  conducted  and  the  difference  between 
the  anticipated  (as  calculated  from  the  above  equation)  and  measured 
temperatures  were  0  to  9*F  for  the  cruise  conditions.  This  was  considered 
acceptable  since  the  discrepancy  was  within  the  Itetional  Bureau  of  Standards 
limit  of  error  for  the  thermocouples. 
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Results  -  The  deposit  thermal  resistance  (xdAd),  which  is  discussed  in 
Section  IV,  was  calculated  for  each  thermocouple  location  on  the  first 
second  test  series  manifolds.  The  values  obtained  for  the  leposit  them  .i 
resistance  at  each  location  are  as  follows: 


Thermocouple 


Maximum  Fuel  Film  Deposit  Thermal  Resistance 

Temp.,  *F,  for  (xdAd)>  Mil-hr-ftS-*F/BTU-ft 


Position  Teat  Series  No.  for  Test  Series  No. 


1 

l* - 

- 2** 

“555 

- 1*S¥ — 

- guns 

“OT 

2 

495 

510 

0.7 

0.8 

3 

545 

510 

1.7 

1.0 

4 

585 

520 

1.8 

1.2 

5 

625 

555 

2.8 

2.0 

6 

670 

575 

2.4 

I 


♦Temperatures  determined  from  metal  temperatures  measured  during  first 
steady  state  manifold  test  discussed  in  Section  IV. 

♦"Temperatures  determined  from  metal  temperature  measurements  during 
second  test  series. 


♦♦♦Determined  from  increase  in  metal  temperatures  during  first  test  series. 
♦♦♦♦Determined  from  equation  shown  in  Section  IV. 


The  above  values  of  deposit  thermal  resistance  were  converted  to 
deposit  thickness,  in  mils,  by  multiplying  each  value  by  a  deposit  thermal 
conductivity  of  0.07  BTU/hr-ft^-*F/ft.  This  choice  of  0.07  is  the  average 
of  0.09  (the  thermal  conductivity  of  deposit-like  materials)  and  0.05 
(the  deposit  thermal  conductivity  reported  in  Reference  13)*  These 
calculated  deposit  thicknesses  for  the  first  and  second  test  series  manifolds 
are  shown  in  Figure*  25  and  26,  respectively. 

Also  shown  in  Figures  25  and  26  are  calculated  deposit  thicknesses  based 
on  carbon  analyses  performed  by  NASA  (Reference  14)  and  W-PAFB  (Reference  15) 
laboratories  on  samples  of  the  manifolds.  The  analyses  conducted  by  W-rAFB 
were  performed  on  a  Laboratory  Equipment  Corporation  (IECO)  Model  No.  734-200 
Law  Oarbor  Analyzer.  The  range  of  the  instrument  is  0.5  to  5000  ppm  carbon 
for  one  gram  samples.  The  sensitivity  at  the  lower  end  of  the  range  'under 
proper  conditions  is  0.5  ppm  carbon.  The  deposited  manifold  tubing  samples 
(eight  for  each  aanifold)  ranged  in  carbon  content  from  772  to  1515  ppm 
carbon  for  the  first  test  series  and  530  to  962  ppm  carbon  for  the  second 
bast  series.  The  deposits  were  removed  from  a  sample  of  each  of  the 
manifolds  and  the  stainless  steel  was  analyzed  for  carbon  content.  The 
carbon  content  of  these  blanks  (stainless  steel  alone)  was  found  to  be  717 
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and  547  ppm  for  tbe  first  and  second  test  series  manifolds,  respectively. 

The  carbon  content  on  the  deposit  in  each  sample  was  calculated  as  -he 
difference  between  the  carbon  content  of  the  sample  and  the  blank.  The 
amount  of  deposit  on  each  cample  (micro-grams  deposit  per  gram  of  sample) 
was  reported  as  this  value  multiplied  by  1.50  (assumes  that  deposit  is 
67  percent  carbon).  The  analyses  performed  by  RASA  were  conducted  in  much 
the  same  manner  except  that  the  carbon  in  the  stainless  steel  did  not  have 
to  be  ascertained  because  their  tests  were  conducted  to  give  the  carbon  content 
only  in  the  deposits  on  the  samples.  The  reported  deposit  contents  of  the 
manifold  tube  (the  first  test  eeriea  manifold  was  analyzed  by  NASA  and  W-PA.FB 
and  the  second  test  series  manifold  by  W-PAFB)  were  converted  to  deposit 
thickness  by  using  0.9  as  the  specific  gravity  of  deposits.  These  calculated 
deposit  thicknesses  are  shown  in  Figures  25  and  26.  Also  shown  in  these  Figures 
axe  the  results  of  a  replicate  analysis  by  W-pAFB( Reference  20). 

Independent  of  this  determination,  AFAPL  (Reference  16)  calculated  tbe 
Increase  in  metal  temperature  that  should  result  from  the  amount  of  deposits 
analyzed  on  the  first  test  ser'es  manifold. 

Tha  calculated  values  were  within  10  percent  of  those  actually 
measured  during  the  test  series.  The  assumptions  made  In  the  calculations 
were  as  follows: 

1.  The  change  in  temperature  is  caused  by  conduction  only;  therefore,  the 
change  in  metal  temperature  is  equal  to  the  heat  flux  multiplied 

by  the  deposit  thermal  rrsitance. 

2.  The  specific  gravity  is  0.9  based  on  tbe  composition  of  deposits 
in  tubes  given  in  Reference  17  and  a  survey  of  organic  compounds. 

Reference  18,  relating  to  the  deposit  analysis. 

3.  The  thermal  conductivity  is  0.1  BTl0ir-ft^-*F/?t  based  on  comparable 
materials  to  fuel  deposits  (l.e.  powdered  coke  and  paraffiD  wax). 

The  agreement  between  the  calculated  deposit  thicknesses  aa  determined 
by  deposit  thermal  resitance  and  carbon  analyses  indicates  that  these  may 
be  reliable  methods  of  dete  Tninlng  the  thermal  stability  of  the  fuel  with 
respect  to  the  manifold. 

The  pressure  drop  of  the  manifolds  used  in  first  and  second  test  series 
is  shown  In  Figure  27.  There  was  insufficient  amount  of  fuel  deposit  to 
cause  a  measurable  increase  in  pressure  drop.  A  photograph  of  each  of  the 
two  bisected  manifolds  ie  shown  in  Figures  26  and  29. 

In  addition  to  the  above  performance  parameters,  the  color  of  the  deposits 
on  the  manifolds  were  rated  with  tbe  CRC  Lacquer  Rating  Scale.  Since  it  is 
regarded  that  color  la  inferior  to  performance  changes  in  quantifying  deposits, 
the  results  of  these  resting!  are  not  reported.  However,  an  interesting 
relationship  between  the  deposit  thickness  and  the  colormtings  is  shown  in 
Figure  39.  This  plot  was  made  by  comparing  the  CRC  Color  Rating  for  emch  of 
the  manifolds  against  the  deposit  thickness  as  determined  In  Figures  25 
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and  26  Wham  the  deposit  thickness  mss  0.1  nil  or  greater,  the  manifold  was 
rated  a  >  or  10.  In  other  words,  above  0.1  nil  the  CRC  lacquer  scale  is 
Insensitive  to  deposit  thickness.  Below  0.1  mil,  th<*  sensitivity  of  the 
color  scale,  i.e.,  the  relative  change  in  rating  for  a  given  change  in 
deposit  thickness,  increases  with  decreasing;  deposits.  It  is  most  noteworthy 
that  the  relationship  between  the  deposit  thickness  and  color  is  not  linear. 
This  indicates  that  performance  in  terms  of  color  cennot  be  indiscriminately 
extrapolated  or  Interpolated  on  a  linear  basis.  It  is  intended,  during;  the 
next  test  series  to  make  up  a  seals  consisting  of  manifold  tube  segments 
whose  deposit  thickness  can  be  determined  and  rating  this  scale  with  the 
CRC  lacquer  Scale  and  the  Tuberator,  Reference  1.  Thereby,  a  more  detailed 
analysis  can  be  made  of  the  relationship  of  color  and  deposit  thickness. 
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Figure  25.  Manifold  Deposit  thickness  -  First  lest  Series 
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Figure  26.  Manifok’  Deposit  Thickness  -  Second  Test  Series 


FLOW  RATE  =  5.  8  GPM 
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Figure  28.  First  Test  Series  Manifold 


Figure  £$.  Second  Test  Series  Manifold 


totals  Bub  ays  tan 


Operational  Procedure  *  Tba  nozzla  haatero  were  energized  At  tect  start-up 
anStne  outy.it  controlled  to  product?  a  temperature  rise  of  2*F  during  the 
cruise  condition  am*  8*F  during  the  descent  condition.  The  sue  heat  Input 
use  used  for  the  acceleration  condition.  The  nos ale  heater  ess  de-energized 
at  159  ninutes  after  test  start -up  The  temperature  of  the  fuel  into  the 
nozzle  reached  s  maximum  of  600  and  500*F  during  the  first  and  second  test 
series,  reepec tirely.  After  the  first  test  seriss,  the  nozzle  was  replaced 
because  or  the  different  temperature  conditions  of  the  second  test  series. 

Between  selected  test  cycles  a  pressure  drop-flow  rate  test  was  conducted 
to  determine  if  plugging  sms  taking  place.  Thle  test  sms  also  conducted  before 
and  after  each  test  seriss. 

Results  -  The  measurements  of  the  pressure  drop  across  the  engine  nozzles 
us  admiring  the  two  test  sexlwe  are  shown  in  Figure  31.  The  pressure  drop 
of  the  first  test  ssries  nozzle  increased  from  352  to  370  pel,  mod  the  pressure 
drop  of  the  second  test  ssries  remained  unchanged.  In  addition  to  these 
measurements  shown  in  Figure  31,  the  pressure  drop  of  the  nozzles  sms  de¬ 
termined  prior  to  and  after  each  test  ssrlss.  The  pressure  drop  of  the  first 
test  series  nozzle  increased  from  692  to  725  pel  at  2.7  i  CKO  gpm,  and  the 
pressure  drop  of  the  second  test  series  noxals  remained  unchanged  at  2.7  ±  0.0  gpm. 
Therefore,  both  the  test  aeries  and  pre-  and  post-test  ssrlss  nozzle  pressure 
drop  measurements  indicate  that  the  engine  nozzle  was  not  affected  by  the 
500*F  fuel  temperature  emrironwnt,  but  partial  plugging  occurred  at  the  600*F 
environment. 

The  test  series  nozzles  were  Inspected  after  test  cycles  1.048,  1.100, 
and  2.100  and  following  was  noted: 

CMC  lacquer  Scale  Mating 

gozzle  Face  lostle  Screen  Outlet  Adapter 

1.0k8  898 

1.100  10  10*  10 

2.100  888 


*A  small  amount  of  particulate  matter  was  visible  on  tbs  screen  and  appeared 
to  be  much  larger  than  the  screen  pore  size. 

A  photograph  was  token  of  the  two  test  ssries  nozzle  screens  and  is  shown 
In  Figure  32. 
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Engine  Nozzles 


Additional  Laboratory  Analyses 


In  addition  to  the  laboratory  analyses  described  above  in  the 
appropriate  sections,  samples  were  taken  for  hydroperoxide  number,  oxygen 
content,  and  fuel  threshold  failure  temperature  determination. 

EydLrcperoxide  Humber  -  Fuel  samples  were  taken  of  the  fresh  feed  and  the 
fuselage  tank  outlet,  engine  beat  exchanger  outlet,  and  manifold  outlet  at 
the  beginning  and  the  end  of  the  cruise  condition  of  test  cycle  1.006.  The 
hydroperoxide  numbers  were  all  the  same  (<0.05  milliquivalent  of  active 
oxygen  per  liter  of  sample),  Reference  9 •  This  value  is  reported  as  the 
lower  limit  of  detectability.  Kb  further  analyses  were  made  because  the 
data  appeared  to  be  of  little  value  relative  to  its  use. 

Threshold  Failure  Temperature  -  The  rasul ts  are  shown  in  Section  V  with 
other  small  scale  thermal  stability  tests. 

Oxygen  Content  -The  dissolved  oxygen  in  the  fuel  was  measured  during  the 
first  and  second  test  aeries.  Reference  19 .  Therein  is  a  disc >10 si on  and 
description  of  tbe  equipment  employed  and  the  results  obtained.  The  basic 
item  of  equipment  used  in  these  analyse?  is  a  Perkin  Elmer  1540  Vapor 
Fractometer .  The  results  obtained  are  shown  in  Table  III  with  each  line  of 
data  representing  one  test  cycle. 

The  levels  of  oxygen  reported  for  the  incoming  fuel  are  typical  for  air 
saturated  fuel.  The  drop  from  the  saturated  level  to  10-15  ppm  during 
cruise  is  probably  the  result  of  two  mechanisms.  Oxygen  is  evolved  under 
reduced  pressure  in  the  fuselage  tank  and  also  oxygen  is  consumed  by  tbe 
fuel  as  temperature  is  increased.  It  has  been  shown  in  other  testing, 
Reference  21,  that  dissolved  oxygen  does  not  begin  reacting  noticeably  with 
a  fuel  until  J50*F,  Consequently,  it  is  hypothesized  that  the  drop  in  oxygen 
at  the  beginning  of  the  cruise  is  due  primarily  to  the  evolution  of  gee  when 
the  tank  is  evacuated  end  the  change  from  cruise  level  oxygen  content  to 
3  ppm  during  descent  is  caused  by  the  high  temperature  (500  to  600*F)  reached 
by  tbe  bulk  fuel. 

’till! pore  Filtration 

During  test  cycle  1.040,  fuel  samples  were  taken  from  the  simulator  and 
filtered  through  0.U5  micron  Mill ipore  filter*.  A  photograph  of  these  filters 
is  shown  in  Figure  33*  At  a  fuel  temperature  between  390  and  b20"F  a 
definite  darkening  of  tbe  filter  is  evident  indicating  particulate  generation 
greater  then  O.45  micron. 
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SBCTIOH  IV 


SIMULATOR  STEADY  STATE  MAIIFOID  TESTS 


The  purpose  of  the  steady  state  manifold  tests  is  to  determine  the 
rate  of  deposit  formation  of  fuel  AFFB-8-67  under  constant  temperature 
conditions.  This  data  is  coopered  to  the  data  obtained  during  the  cyclic 
tests  and  will  be  used  to  provide  a  basis  of  correlation  to  the  small-scale 
tests  which  are  operated  in  a  steady  state  manner .  The  manifold  was  tested 
under  steady  state  conditions  because  it  was  the  only  engine  component  which 
yielded  quantitative  deposit  data  during  tha  cyclic  tests.  Two  steady  state 
tests  were  performed  to  cover  the  range  of  temperatures  experienced  in  the 
first  and  second  test  series  at  the  same  heat  flux.  The  more  accurate 
sheathed  thermocouples  were  used  in  the  second  steady  state  manifold  tost, 
and  therefore,  these  data  are  analysed  more  thoroughly  in  this  section. 

STEADY  STATE  OPERA TIOKAL  PROCEDURE 


Upon  completion  of  the  second  test  series,  two  steady  state  testa  were 
conducted.  The  wing  tank,  engine  nozzle,  and  Uhl -Tube  beat  exchanger  were 
not  used  in  the  system,  and  a  new  manifold  substituted  for  tbs  second  teat 
series  manifold.  The  heated  length  of  the  manifold  was  115  Inches,  as  in 
the  first  test  series,  and  10  thermocouples  were  attached  by  tbs  method  used 
in  the  second  test  series.  The  steady  state  test  consisted  of  running  the 
simulator  for  13*5  hours  at  the  peak  descent  conditions  of  the  first  series. 
The  fuselage  tank  was  continuously  refueled  to  replenish  the  0.68  gpm  flow 
rate  out  of  the  system.  The  fuel temperature  into  and  out  of  the  manifold 
was  340  and  600*F,  respectively  for  the  entire  15.5  hours. 

The  second  steady  state  test  was  conducted  using  a  naw  manifold  and 
10  sheathed  thermocouples  attached  to  the  tube  wall.  The  test  was  conducted 
exactly  as  above  for  43*5  hours  except  the  manifold  fuel  inlet  waa  con¬ 
trolled  to  ?.00'F  and  the  rue!  outlet  to  460'F.  This  test,  produced  tuaraml 
degradation  rates  for  lower  metal  or  fuel  film  temperatures. 

RESULTS 


The  fuel  can  be  quantified  with  respect  to  its  theraal  stability  in  the 
manifold  by  a  descriptor  more  useful  than  fuel  side  heat  transfer  coefficient. 
This  is  the  deposit  thermal  resistance  or  the  thickness  of  the  deposit 
divided  by  the  thermal  conductivity  of  the  deposit.  It  can  be  shown  that 
the  deposit  therrual  resistance  for  the  manifold#  used  is  defined  by  the 
following  equation: 
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where:  xd  =  thicknos.i  of  deposit,  inches 

k(j  =  thermal  conductivity  of  the  deposit,  BTU/hr~ft^-"F/ft . 
M  =  A l/Uv 


All  other  terras  are  defined  In  Section  III* 

The  results  obtained  are  shown  in  Figures  31*  and  35.  Figure  36  shova 
an  actual  computerized  plot  of  the  calculated  values  of  x^Ad*  Th*  use  of 
the  deposit  thermal  resistance  offers  three  advantages  over  the  fuel  side 
heat  transfer  coefficient.  One,  it  can  be  directly  compared  to  the  deposit 
thickness  measured  at  the  end  of  the  terts;  two,  it  can  be  added  to  the 
inverse  of  the  initial  fuel  side  heat  transfer  coefficient,  at  whatever 
level  it  may  be  and  determine  the  *inal  heat  transfer  efficiency;  and 
three,  constant  errors  due  to  thermocouple  and  recording  equipment  error 
are  minimized. 

The  equation  given  above  is  derived  by  assuming  that  the  fuel,  side 
heat  transfer  coefficient  does  not  change  as  the  deposit  builds  up.  The 
overall  heat  transfer  efficiency  decreases  due  to  the  thermal  resistance 
of  the  deposit.  This  approach  was  used  in  Reference  13  end  many  textbooks 
on  beat  transfer.  It  is  noted  that  this  assumption  \rauld  not  be  true  if 
the  ratio  of  deposit  thickness  to  tube  diameter  Increases  to  the  point  where 
the  Reynolds  lumber  is  significantly  increased.  Using  this  assumption,  a 
temperature  profile  of  a  radially  cut  tube  would  appear  as  follows  foi  the 
same  flow  and  heat  input: 


NO  DEPOSITS  DEPOSITS 
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It  is  seen  that  the  fuel  f 11*  temperature  is  the  sene  regardless  of 
the  amount  of  deposit.  Therefore,  it  would  be  reasonable  to  assume  that  the 
rate  of  deposition,  which  should  be  dependent  only  on  temperature,  would 
be  constant.  However,  the  results  obtained  indicate  that  the  deposit  rate 
does  not  become  constant  until  the  deposit  thickness  reaches  a  certain 
level.  This  Initial  non-linearity  may  be  attributed  to  a  surface  condition 
mechanise.  As  deposit  builds  up  on  a  bare  swtftl  wall,  the  character  and 
extant  of  the  surface  on  which  the  deposit  is  forming  is  changing.  It 
appears  that  deposition  is  occurring  w lowly  on  the  stainless  steel  wall, 
and  the  rate  increases  as  the  wall  adjacent  to  the  file  becomes  deposited. 
At  soma  finite  deposit  thickness,  the  entire  wall  will  be  coated  with  a 
parous  deposit  whose  characteristics  are  cot  substantially  changing  and  the 
deposition  jets,  thereafter,  should  be  linear. 

It  appears  from  the  results,  shown  in  Figures  34,  33,  and  36  that  this 
theory  of  deposition  maybe  valid  and  the  thermal  stability  of  fuels  tested 
in  the  simulator  may  be  quantified  by  this  method. 

The  amount  of  carbon  in  the  steady  state  manifold  tubes  was  analyzed 
(References  15  and  20)  by  W-PAFB  laboratories  in  the  same  manner  described 
in  Section  III.  These  values  were  converted  to  deposit  thicknesses  using 
the  eeae  conversion  constants  and  are  shorn  in  Figure  37.  Also  shown  in 
Figure  37  are  the  calculated  deposit  thicknesses  determined  by  HAA  front 
the  deposit thermal  resistance  as  described  in  Section  111.  The  original  data 
from  W-FftFB  on  carbon  content  of  approximately  half  the  deposited  tubes 
were  lower  than  the  blanks  (stainless  steel  alone);  therefore  many  of  the 
data  points  plotted  in  Figure  37  are  negative.  It  is  not  known  at  this  time 
why  the  carbon  analysis  results  of  the  steady-state  manifolds  are  not  In  as 
good  agreement  with  the  thicknesses  determined  from  deposit  thermal  re¬ 
sistance  as  those  of  the  test  series  manifold.  It  appears  from  the  visual 
observations  of  the  tubes  and  the  obvious  fact  that  deposit  thicknesses 
cannot  be  negative  that  the  thicknesses  calculated  from  deposit  thermal 
resistances  ere  more  valid.  It  is  acted  that  the  deposit  thickness  of 
the  first  rteady  state  manifold  does  not  increase  after  the  second 
electrical  tab.  This  is  attributes  in  part  tc erroneous  temperature  measure¬ 
ments  caused  by  the  less  acceptable  method  of  thermocouple  attachment  used 
on  this  manifold.  Therefore,  in  the  correlation  which  follows  tbs  data  ob¬ 
tained  on  the  second  steady  state  eanifold  (instrumented  with  sheathed 
thermocouples)  are  used. 


COHRBLATIOH  OF  STEADT-STATE  TO  TEST  CYCLES 


Bie  data  obtained  from  the  steady-state  testa  and  the  test  series  were 
analyzed  with  respect  to  each  other.  This  was  accomplished  firet  for  the 
^ecoed  test  aeries  manifold  (whose  temperatures  were  more  accurately 
measured)  by  determining  from  figure  35  the  slope  of  the  deposit  themal 
resistance,  xdAd  versus  time,  6,  for  each  temperature  location  on  the 
second  steady  state  manifold.  This  was  determined  for  an  xdAd  change  of 
2  MIls/BTU-ft/hr-'F-ftr  because  the  second  test  series  manifold  experi  eo^ed 
a  change  of  this  magnitude.  The  xdAd  A  was  then  plotted  against  the  film 
temperature  and  is  shown  in  Figure  38.  A  fils,  temperature  versus  timo  plot 
was  then  made  for  each  thermocouple  location  on  the  second  ttot  series 
manifold  from  the  original  test  cycle  data  (metal  temperature  -15*F  which 
allows  lor  the  temperature  ch&uge  across  the  metal  wall).  Based  on  this 
film  temperature  profile  for  each  thermocouple  and  the  xdAd  6  versus  film 
temperature,  a  plot  of  xdAd  6  versus  test  cycle  time  was  drawn  for  each 
thermocouple  location.  The  area  under  each  curve  is  the  deposit  therm! 
resistance  accrued  for  one  test  cycle.  The  area  below  375 *F  was  neglected 
because  it  vas  demonstrated  that  the  deposition  is  negligible  below  this 
film  temperature.  The  values  of  x^/kd  Jfere  multiplied  by  90  test  cycles  and  a 
thermal  conductivity  of  0.07  BTU/hr-Ft2-*F/ft  (see  Section  III)  to  obtain 
the  deposit  thicknesses  predicted  on  the  basis  of  the  steady  state  data 
(*dAd  ®  *  15*600  e-o^OO/T).  These  deposit  thicknesses  were  then  plotted 
against  the  average  deposit  thicknesses  obtained  from  Figure  26.  A  plot  of 
this  comparison  is  shown  in  Figure  39*  The  above  procedure  was  repeated 
for  the  first  test  series  manifold,  and  the  comparison  is  also  shown  in 
Figure  39. 


The  comparison  obtained  on  the  second  tost  series  is  better  than  that 
of  the  first  test  series.  It  is  considered  that  this  is  due  to  the  more 
acceptable  temperature  measurement  method  used  and  the  more  applicable  use 
of  the  deposit  thickness  prediction  equation,  i.e.,  within  a  xa/kd  range 
of  0  to  2  mils/BTU-ft/hr-'F-ft^or  deposit  thickness  of  0  to  0.14  mil).  As 
stated,  above,  the  equation  derived  from  Figure  38  is  applicable  in  the 
0  to  0.14  mil  region.  Other  equations  have  been  derived  for  deposit  levels 
in  excess  of  0.14  mil;  however,  they  are  not  discussed  herein,  since  there 
i*  little  or  nr  data  to  make  a  correlation.  Also  shown  in  Figure  38  is  a  change 
in  slope  at  approximately  475*F.  It  is  hypothesized  that  either  the  flushing 
rate  (removal  of  deposit  by  its  solution  into  the  flowing  fuel)  is  significant 
with  respect  to  the  deposition  rate  at  the  lower  temperatures  or  the  mechanism 
of  deposit  formation  is  changing  at  475*?.  The  flushing  rate  plays  an 
important  role  in  compering  steady  state  to  cycle  tests  because  during  the 
acceleration  condition  the  fuel  flowis  eight  times  higher  than  the  steady  state 
tests.  This  say  account  for  the  deposit  formation  rate  of  the  test  cycles 
being  more  linear  than  the  steady  state  tests. 
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CCaCLUBIOBB 

BsMd  on  than*  data  there  appears  to  he  an  excellent  correlation  with 
with  this  fuel  between  the  steady  state  and  cyclic  conditions  on  the  basis 
of  equal  fuel  film  taaperature*.  The  data  indicate  that  the  deposition  rate 
of  tals  fuel  up  to  a  deposit  level  of  O.lt  ails  be  quantified  in  the  engine 
systes  aa  x^Ad  ®  *  15»600e“6500/T  for  fil*  testperatures  in  excess  of  375 *T. 
Below  375* f/  the  deposition  has  been  deaeons ti* ted  to  be  negligible.  It  is 
also  indicated  that  the  deposit  thickness  in  tubes  can  be  quantified  during 
a  teet  by  outer  aetal  tenperature  'asasureesnts  and  also  after  a  test  by 
carbon  analysis. 
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DEPOSIT  THERMAL  RESISTANCE,  MILS/ETU-FT/HR-°F-FT' 


2 

1 


4  8  12  16 

TIME  -  HOURS 


First  Steady-State  Manifold  Deposit  Buildup 


DEPOSIT  THERMAL  RESISTANCE,  MILS/ BTU- FT/HR-  °F-FT 


Figure  35.  Second  Steady-State  Manifold  Deposit  Buildup 


Figure  36.  Actual  Plot  of  Deposit  Buildup 


CALCULATED  DEPOSIT  THICKNESS,  MILS 


SECOND  STEADY-STATE  TEST 


Figure  37,  Manifold  Deposit  Thickness  -  Steady-State  Tests 
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CALCULATED  DEPOSIT  THICKNESS-MILS  (BASED  ON  STEADY-STATE  DATA) 


SSCTIO*  ▼ 


SMALL-SCALE  VESTS 


The  purpose  of  the  snail-scale  tests  is  to  obtain  data  to  determine 
If  any  of  these  derlces  ranks  the  fuels  the  same  as  '.he  simulator  and,  further, 
If  there  Is  a  quantitative  relationship  between  the  small-scale  tests  and  the 
simulator.  The  date  presented  on  fuel  AFTB-8-67  in  this  section  were 
obtained  from  the  A F  Aero  Propulsion  Laboratory  which  directed  these  tests 
conducted  by  the  AT  Materials  laboratory,  University  of  Dayton  Research 
Institute  and  2s  so  Research  and  engineering  Corporation .  Also  shown  in  this 
section  are  the  small-scale  test  results  of  the  four  fuels  tested  in  the 
S9T  Fuel  System  Test  Rig  reported  in  Reference  22.  These  data  are  included 
In  this  section  so  that  the  comparison  to  the  simulator  data  which  is  made  In 
Section  VI  may  be  more  Inclusive. 

Samples  of  fuel  AFFB-b-£7  were  taken  from  the  storage  tanks  and 
tested  in  the  following  small-scale  thermal  stability  devices: 

Cokers 

Standard 

das 

Research 

Modified 

Micro 

Mlnex 

Thermal  Precipitation  Apparatus 

5  ml  Bomb 

Esso's  Standard  Screening  Unit 


The  results  of  these  tests  are  shown  in  Table  IV. 


COKERS 


The  traditional  methods  and  results  of  determining  coker  breakpoint 
are  shown  in  Table  IV.  The  definition  of  these  besee  of  comparison  is 
delineated  in  Reference  22.  The  data  obtained  an  fuel  AFFB-3-6,1  with  respect 
to  preheater  tube  temperature  versus  Tubs ra tor  deposit  code  is  presented  in 
figures  40,  41,  and  42.  This  concept  of  data  presentation  is  discussed  in 
Reference  13 .  In  all  these  cases  but  one,  the  cokers  ptve  large  quantities 
of  deposit  at  the  550*F  tube  well  temperature.  The  research  coker  gavo  a 
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lower  breakpoint  when  a  300  *F  reservoir  was  us  ad.  It  was  reported  In  this 
effort  that  the  fuel  darkened  in  appearance  under  the  300*F  conditions. 

It  was  also  observed  that  the  results  of  the  standard,  modified,  and  gas 
drive  cokers  were  generally  the  sene.  This  would  indicate  that  pump  wear 
does  not  significantly  affect  the  coker  results.  Pump  wear  is  considered  to 
be  a  function  of  fuel  lubricity  which  has  been  reported,  Reference  23,  to 
be  dependent  upon  the  aromatic  content  of  the  fuel. 

The  procedure  for  operating  the  standard  coker  aay  be  found  in 
Reference  1  and  the  modified  and  gas  drive  cokers  in  Reference  24. 

MJ-MDC 


Two  runs,  shown  in  Figures  43  end  '  4,  were  mede  with  this  i’uel; 
the  first  run  started  at  350*F  and  went  up  to  6C0‘F  in  20*F  increments.  IXiring 
the  first  test,  difficulty  was  encountered  when  steady  flow  control  was 
attempted.  The  trouble  was  traced  to  the  flow  control  orifice  which  appeared 
to  be  catching  particulate  contamination  from  the  Jttnax  rig.  There  was  no 
definite  breakpoint  reached  during  this  test.  It  is  considered  that  even 
with  the  large  amount  of  scatter,  a  definite  buildup  of  deposits  would 
have  been  detected  by  s  large  and  consistent  4aeriase  in  hf  and  a  simul¬ 
taneous  increase  In  pressure  drop  through  the  test  section.  The  first  test 
was  stopped  st  600*F  because  the  three  preheaters  used  to  raise  the  tempera¬ 
ture  of  the  fuel  flawing  into  the  test  section  to  the  desired  level  were 
operating  a  full  power,  and  therefore  would  not  further  increase  tb*» 
temperature.  The  points  with  a  cross  indicate  that  the  temperatures  changed 
by  more  than  l/2*F  during  the  readings;  these  points  should  be  disregarded. 

A  second  run  on  this  fuel  was  made  after  the  Miner  was  thoroughly 
cleaned.;  a  new  Jewel  orifice  was  added,  end  one  additional  preheater  was 
added.  With  the  additional  heating  capability,  it  was  possible  to  increase 
the  temperature  into  the  test  section  and  consequently  achieve  620*’/  fuel- 
out  temperature.  For  the  testing  at  6eQ*F  the  pressure  in  the  test  section 
was  raised  from  150  pslg  to  230  pwig  to  prevent  boiling  in  the  test  section. 

As  the  graph  indicates,  there  is  evidence  of  change  in  hp  at  600*F  and  a 
definite  deposit  buildup  at  620 ’F.  These  two  rm*  would  indicate  that  the 
Hlnex  breakpoint  is  6ef)*F.  The  data  at  600*F  are  not  conclusive  enough  to 
assign  the  breakpoint  at  this  level. 

The  tubes  used  in  these  runs  were  analysed  for  carbon  content 
(see  Section  III  for  method)  and  transmitted  by  AFAFL,  Reference  25, 
together  with  the  conversion  factor  to  deposit  thickness  for  the  Mlnex 
tube.  The  calculated  deposit  thicknesses  were  0.011,  O.OO99,  and  0.011 
mils  for  the  inlet,  middle,  and  outlet  of  the  tube  used  in  the  first  run 
and  O.O37,  0.037,  and  0.041  mils  for  the  tube  used  in  the  second  :*un. 

Tbs  following  is  a  comparison  of  thews  date  compared  to  that  obtained  from 
Figures  43  and  44. 


First 

Second 

Deposit  Thickness  (Bared  on 
Carbon  Analysis),  Mils 

0.01 

0.04 

Deposit  thickness  (Based  on 

Loss  in  hf),  Mils 

-0  £(0.68)** 

0.5** 

Pressure  Drop  Increase,  In.Hg. 

4 

1.5 

•Dews  rained  by  k, tuning  that  hf  baa  not  decreased  but  baa  shifted  for 
each  temperature  change . 


•♦Determined  by  subtracting  the  inverse  of  the  final  bf  from  the  Inverse 
of  the  initial  bf . 

It  can  be  seen  from  the  above  that  the  carbon  analysis  data  la  not  con* 
a  latent  with  the  data  obtained  from  Figure*  43  and  k-4.  These  data  are 
compared  to  the  simulator  data  and  discussed  in  Section  VI. 

THERMAL  PRJKCIPITATIOH  TEST 

The  procedure  used  for  the  thermal  precipitation  test  is  delineated 
In  Reference  26  with  the  exception  that  weight  measurements  are  deleted. 

The  test  was  performed  twice  and  a  photograph  of  the  filter  papers  are  shown 
in  Figure  45.  Since  this  method  has  not  been  widely  published  a  summary 
of  the  procedure  ie  given  below. 

Test  filter  papers  (.45 /j  pore  site,  47  mm  diameter)  are  precleaned 
with  naphtha  by  use  of  a  vacuum  filtration  unit.  The  filter  papers  are 
then  placed  In  an  l80*F  oven  for  30  minutes  and  stored  in  a  Petri  dish. 

Two  gallons  of  test  fuel  are  then  filtered  with  a  filter  paper  and  the  fuel 
refiltered  with  another  filter  paper  which  is  retained  as  the  control  filter 
paper.  The  fuel  is  then  plactd  in  a  precleaned  fuel  reservoir  and  heated 
to  300  t  5 *F  in  90  to  105  minutes  and  maintained  at  this  temperature  for 
120  minutes.  Hie  fuel  is  then  cooled  to  80  *  5*F  in  30  bo  45  minutes. 

One  gallon  of  this  test  fuel  is  then  filtered  through  the  precleaned 
teat  filter.  The  olor  of  the  sample  and  control  filter  papers  is  then 
compared. 

5  ML  BOMB 

Fuel  samples  from  the  simulator  were  tested  In  th*  Phillips  5  ml 
bomb.  The  procedure  for  this  test  is  given  in  Reference  27  Mid  the  results 
are  shown  in  Table  IV.  An  oxygen  sensitivity  test  of  the  fuel  leed  was  also 
conducted  using  the  5  ml  bomb.  The  procedure  and  results  of  this  test  are 
given  in  Reference  26.  This  oxygen  sensitivity  test  is  conducted  in  the 
same  manner  as  the  5  ml  bomb  test  except  the  tsst  fuel  Is  deeen  ted  first 
with  nitrogen.  The  fuel  Is  deaerated  by  bubbling  prepurified  nitrogen  with 
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*  syringe  through  the  ftwl.  The  bomb  appaistus  1*  also  purged  vlth  a 
continuous  flow  of  prepurified  nitrogen.  The  deaerated  fuel  is  transferred 
to  the  boob  which  is  then  purged  for  an  additional  5  minutes.  The  results 
of  this  test  are  shown  in  Table  IV. 

B8SO  3TAHDAKD  SCBEHttRS  UMCT 

A  sample  of  fuel  was  tec  ted  in  the  Esso's  laboratory  unit  which  is 
being  used  to  study  "vapor  phase"  deposits. This  information  appears  in  an 
Baso  mcntbly  latter,  Reference  29*  It  was  reported  therein  that  the  results 
Indicate  that  fuel  AFFB-8-67  is  a  poorer  performer  than  anticipated  from 
coker  results.  'Theta  taste  are  conducted  in  Esso's  Screening  tftiit.  The 
main  section  of  the  unit  consist*  of  a  tubular  reactor  surrounded  by  five 
separate,  independently  controlled  reactor  heatero.  The  reactor  is  maintained 
on  a  slight  incline,  and  liquid  fuel  flows  down  the  reactor  In  the  presence 
of  flowing  air  (or  nitrogen).  The  reactor  beaters  are  controlled  so  that  the 
fuel  encounters  a  rising  temperature  sequence  as  it  flows  down  the  reactor. 
Welghsd  natal  strips  are  placed  in  the  center  section  of  each  heater  zone 
and  a  thermocouple  positioned  in  each  zone.  The  teat  ia  conducted  for  four 
hours  with  a  fuel  flow  rate  of  125  cc/h our.  The  metal  strips  are  again 
weighed  after  the  teat  and  the  deposit  weight  versus  leiuporature  aeteituined. 
The  equation  of  thdse  data  It  used  to  determine  the  relative  activity  of  the 
fuel. 


f  *BLE  IV  -  RESULTS  OF  SHALL  SCALE  TESTS 
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[  TEST  BASIS  OF  COMPARISON  CRITICAL  TEMPERATURE*  F 

DEVICE  (CRITICAL  CONDITION) 


RAF- 

RAF- 

FA- 

FA- 

AFFB 

ITS- 

ITS- 

S- 

s~ 

8- 

44 

63 

_ 

_ l 

67 

MINER 

INITIAL  CHANGE  IN  HF.  FUEL  TEMP. 

390 

rL355 

EL350 

EL300 

600 

MINER 

INITIAL  CHANGE  IN  HF .  METAL  TEMP. 

470 

EL385 

EL380 

EL330 

138 

MINER 

ONE  PERCENT  LO  5  IN  HF/HR..  FUf  TEMP. 

479 

440 

437 

392 

620 

MINER 

ONE  PERCENT  LOSS  IN  HF/HR,,.  METAL  TEMP. 

S09 

?Q 

467 

422 

650 

MINER 

INITIAL  DECREASE  IN  HF t  FUEL  TEMP. 

3  SC 

EL355 

405 

fi.300 

600 

MINER 

initial  DECREASE  IN  HF,  METAL  TEMP. 

420 

EL385 

433 

EL330 

638 

MINER 

RAPID  DECREASE  IN  HF.  FUEL  TEMP. 

SOO 

4*0 

445 

450 

620 

MINE'" 

RAPID  DECRFASE  IN  HF.  METAL  TEMP. 

530 

510 

475 

480 

658 

BOMB 

TWENTY-FIVE  PCY.  LOSS  LIGHT  TRANS. 

384 

386 

440 

348 

403 

BOMB 

SAME  BUT  OXYGEN  PURGED 

487 

COKER 

3  IN.  HG.  MAX*,  FUEL  TEMP. 

375 

G375 

373-400 

375 

G450 

COKER 

12  IN.  HG.  MAX..  FUEL  TEMP. 

G400 

G373 

0425 

6375 

G450 

COKER 

13  IN.  HG.  MAX.,  FUEL  TEMP. 

G400 

G375 

425 

375 

6450 

COKER 

375 

350 

423 

325 

400 _ 

COKER 

CODE  2  AND  3  IN.  HG.  MAX..  FUEL  TEMP. 

373 

350 

375-400 

32  5 

400 

COKER 

CODE  2  AND  12  IN.  HG.  MAX.*  FUEL  TEMP. 

373 

350 

425 

325 

40C 

COKER 

CODE  2  SURVEY*  METAL  TEMP, 

462 

513 

634 

475 

54  2 

COKER 

CODE  3  SURVEY.  METAL  TEMP. 

331 

382 

512 

382 

545 

COKER 

YRANSIT.  METAL  TEMP. 

467 

406 

317 

398 

516 

R  COKER 

AMB.i  3  IN.  HG.  MAX.*  FUEL  TEMP. 

375 

375 

450 

G350 

6450 

R  COKER 

AMB*.  13  IN.  HG.  MA*..  FUEL  TEMP. 

375 

G400 

450 

6350 

6450 

K  COKER 

AMB. •  CODE  2  MAX..  FUEL  TEMP. 

350 

350 

450 

325 

^7*> 

R  COKER 

AMB-.*  CODE  2  AND  3  IN.  HG.  MAX..  FULL  TEMP. 

350 

350 

450 

325 

375 

R  COKER 

AMB.*  CODE  2  SURVEY.  METAL  TEMP. 

46  Y 

481 

571 

46  3 

500 

R  COKER 

AMB..  CODE  UiURVEY.  METAL  TEMP. 

452 

483 

570 

_J99 

500 

R  COKER 

AMB..  TRANSIT.  METAL  TEMP. 

443 

462 

557 

362 

469 

R  CCXER 

200  ft  3  IN.  HC>.  MAX..  FUEL  TEMP. 

375 

G350 

L475 

G350 

375 

R  COKER 

200  F.  13  IN.  HG.  MAX.,  FUEL  TEMP. 

375 

G375 

L475 

G350 

3  lb 

R  COKER 

200  F.  CODE  2  AND  3  IN.  HG.  MAX.,  FUEL  TEMP. 

350 

325 

L475 

300 

375 

R  COKER 

200  F,  CODE  2  MAX..  FUEL  TEMP. 

350 

325 

475 

300 

375 

R  COKER 

200  F,  CODE  2  SURVEY,  METAL  TEMP. 

462 

443 

696 

428 

508 

R  COKER 

200  F.  CODE  3  SURVEY.  METAL  TEMP. 

466 

455 

598 

392 

525 

R  COKER 

200  F,  TRANSIT.  METAL  TEMP. 

443 

443 

627 

376 

521 

R  COKER 

300  F.  3  IN.  HG.  MAX..  ^"UEL  TEMP . 

son 

_xaoa„ 

t  2  73  . 

.U2L0D- 

.  J-375 

R  COKER 

300  F.  13  IN.  HG.  MAX.,  FUEL  TEMP. 

325 

350 

L275 

L200 

L  375 

R  COKER 

300  F.  COOE  2  MAX..  FUEL  TEMP. 

425 

325 

2  75 

325 

EL  375 

R  COKER 

300  F.  COOE  2  AND  3  IN.  HG.  MAX.,  FUEL  TEMP. 

300 

L300 

L27S 

L200 

L375 

R  COKER 

300  F,  COOE  2  SURVEY.  METAL  TEMP. 

542 

428 

4  JO 

443 

405 

R  COKER 

300  F,  CODE  3  SURVEY.  METAL  TEMP. 

54.: 

443 

305 

455 

430 

R  COKER 

300  F.  TRANSIT.  METAL  TEMP. 

517 

423 

i34 

443 

4Q_5 

GAS  COKER 

3  IN.  HG.  MAX..  FUEL  TEMP. 

400 

GAS  COKER 

12  IN.  HG.  MAX..  FUEL  TEMP. 

400 

GAS  COKER 

13  IN.  HG.  MAX..  FUEL  TEMP. 

400 

GAS  COKER 

CODE  2  MAX..  FUEL  TEMP. 

425 

GAS  COKER 

CODE  2  ANC  3  IN.  HG.  MAX.,  FUEL  TEMP. 

*!1<L 

GAS  COKER 

CODE  2  AND  12  IN.  HG.  MAX.,  FUEL  TEMP. 

400 

G*S  COKER 

CODE  2  SURVEY.  METAL  TEMP . 

491 

GAS  COKER 

cooe  3  survey,  metal  temp. 

318 

GAS  COKER 

TRANSIT.  METAL  TEMP. 

MA 

MOO  COKER  3  IN.  HG,  MAX.,  FUEL  TEMP. 

G4T5 

MOD  COKER 

12  IN.  HG.  MAX..  FUEL  TEMP. 

6475 

MOO  COKER 

13  IN.  HG.  MAX.,  FUEL  TEMP. 

G475 

MOD  COKER 

CODE  2  AND  3  IN.  HG.  MAX..  FUEL  TEMP. 

400 

MOD  COKER 

COOE  2  AND  12  IN.  HG.  MAX.,  FUEL  TEMP. 

400 

MOO  COKER 

COOE  2  MAX..  FUEL  TEMP. 

400 

MOD  COKER 

COOE  2  SURVEY.  MLTAL  TEMP. 

All 

MOD  COKEX 

CODE  3  SURVEY,  METAL  TEMP. 

491 

MOO  COKER 

TRANSIT.  METAL  TEMP. 

497 

MIC  COKER 

code  i  max.,  fuel  temp. 

313 

MIC  COKER 

CODE  2  SURVEY.  METAL  TEMP. 

825 

MIC  COKER  CODE  1  SURVEY,  METAL  TL  IP. 

323.  .. 

ESSO  UNIT 

RELATIVE  ACTIVITY  AT  S7SF 

1-0 

0,3» 

1.3 

•  FUEL  TESTED  VAS  ACTUALLY  FA-S-TS 
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TUBE  TEMPERATURE  (°F) 

Figure  41 .  Micro  Coker  Test  Results 


section  vi 


COMPARISON  BETWEEN  SIMULATOR  AND  8MAUU-8CALE  TESTS 


The  purpose  of  this  section  Is  to  compere  the  simulator  data  to  the 
small-scale  test  data.  This  will  be  s  continuing  effort  in  this  program  and 
additional  fuels  are  to  be  tested;  therefore,  it  is  intended  at  this  tine 
to  merely  show  correlation  trends.  Only  one  fuel  (AFTB-8-67 )  has  been 
tested  to  date  in  the  simulator,  and  therefore,  a  comparison  based  on  these 
data  v-5uld  not  be  indicative.  Since  w+L»r  fuels  have  been  tested  in  the 
email-scale  devices  and  in  the  FAA-SfiT  Fuel  System  Test  Mg,  which  vac 
modified  into  the  simulator,  these  data  are  included  in  the  analysis.  A 
data  correlation  study  carried  out  op  the  fuels  tested,  in  the  FAA-SST  Fuel 
System  Test  Rig  is  reported  in  Bafersiica  22.  Contained  therein  is  the 
ranking  of  the  fuels  tested.  Shown  in  Table  V  is  the  ranking  of  these 
fuels  and  AFFB-S-67  obtained  by  the  some  w«thod.  This  table,  along  with 
Table  IV,  forms  the  basis  of  the  discussion  herein. 


WHO  TANK 


According  to  Reference  22,  the  ranking  of  the  fuels  tested  in  the 
FAA-SST  Fuel  System  Test  Rig  in  the  order  of  increasing  deposits  was: 

PA-S -2 A 

SAF-176-64 

RAF-176-63 

FA-S-1 


The  data  used  in  obtaining  this  ranking  was  basically  a  comparison  of  the 
artist  conception  drawings  of  the  deposits  on  the  bottom  of  the  wing  tank. 
These  fuels  can  be  compared  directly  to  the  performance  of  AFFB-8-67  in  the 
simulator  because  essentially  the  same  environment  and  equipment  were  used. 
As  additional  fuels  are  tested  in  the  simulator,  the  bases  of  comparison 
will  be  more  quantitative  than  the  uae  of  drawings;  1 the  use  of  the 
probes,  dish,  disk,  and  thickness  measurements.  Applying  the  same  approach 
(comparison  of  artist  conception  drawings)  with  fuel  AFFB-8-67  the  order  of 
increasing  deposits  is  considered  to  be: 

FA-S-2A 

RAF-176-6! 

RAF-176-63 

AJFFB-8-67 

FA-3-1 
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Baaed  on  this  ranking  of  the  fuels  In  the  ving  tank,  none  of  the  small 
scale  test  devices  that  tested  all  five  fuel*  ranked  all  five  fuels  in  this 
order  (2,  3,  1:  4,  and  5)«  The  Bsso  Utait  (Vapor  Phase  Deposit  Screening 
Unit)  has  ranked  only  three  of  the  fuels  (RAF-1?6~63»  FA-S-2B,  and  AWB-8-67)- 
If  it  is  assumed  that  FA-S-2B  was  the  same  fuel  as  FA-S-2A,  then  the  Esso 
Unit  ranking  is  the  sane  as  the  wing  tank  ranking  for  the  fuels. 

This  conclusion  is  to  be  anticipated  since  the  Esso  Uhlt  is  the  only 
device  which  imposes  environmental  conditions  (low  pressure,  presence  of 
vapor,  condensation,  etc.)  similar  to  the  ving  tank ,  The  Minex  and  the 
cokere  impose  conditions  (high  pressure,  all  liquid  phase,  high  flow,  etc.) 
similar  to  the  engine  system. 

It  is  to  be  noted  that  the  above  comparison  is  made  on  tbe  basis  of 
visual  observations  of  the  wing  tank.  As  additional  fuels  are  tested  and 
quantitative  data  is  obtained,  the  comparison  will  be  made  on  a  quantitative 
basis  of  tbe  amount  of  deposit  formed. 

AIRFRAME  SYSTEM 

The  wing  tank  discussed  above  was  analyzed  separately  from  the  airframe 
system  because  the  wing  tank  simulates  a  static  system  while  the  remaining 
airframe  system,  like  the  engine  system, is  dynamic.  The  fuselage  tank  is 
not  discussed  because  no  deposits  were  evident  therein.  The  airframe 
system  (excluding  tankage)  did  not  show  any  evidence  of  deposits.  It  is 
noteworthy  that  the  SST  Test  Rig  airframe  beat  exchanger  did  not  exhibit, 
oer force. nee  change  with  any  other  of  fuels  after  290  test  cycles  at  CRC  Mach  3 
conditions.  This  corresponds  to  a  peak  fuel  temperature  of  280*F  and  a  peak 
metal  temperature  of  315*F.  This  is  in  agreement  vlth  the  inlet  of  the 
engine  and  Ufa t -Tube  heat  exchanger  where  the  maximum  fuel  and  metal  tempera¬ 
tures  were  275  end  320*F,  respectively .  Therefore,  it  appears  that  the 
deposition  of  all  the  fuels  tested  in  both  programs  is  negligible  with  peak 
metal  temperatures  of  320*F.  The  results  of  the  small-scale  tests  shown  in 
Sable  IV  are  In  general  agreement  with  this  finding. 

mOIME  SYSTEM 

The  simulator  results  on  AFFB-8-67  indie ited  that  the  fuel  does  not 
break  (show  visual  signs  of  deposits  in  the  order  of  a  code  3  on  the  CRC 
lacquer  Rating  Scale)  until  tie peak  film  temperature  was  approximately 
3fi5*F  in  engine  heat  exchanger.  The  data  obtained  on  the  engine  manifolds 
(both  test  cycles  and  the  second  steady  state  teat)  indicate  that  the  rate 
of  deposit  formation  can  be  quantified,  by  xd /0  «  15,600  k<i  e  *o500/T  (a*e 
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page  65)  where  the  deposit  formation  below  a  375*F  film  temperature  Is 
negligible.  As  shown  in  Table  IV,  the  critical  metal  temperature  of  tae 
Minex  is  in  the  order  of  200*F  greater  than  this  breakpoint,  and  the 
critical  metal  temperature  of  the  cokers  is  in  the  order  of  100*F  greater 
than  the  simulator  breakpoint.  This  apparent  discrepancy  in  critical 
temperatures  may  be  caused  by  a  relative  insensitivity  of  these  testa  to 
deposits.  Hie  only  device  which  yields  a  critical  temperature  within  50 *F 
of  the  simulator  breakpoint  is  the  Research  Coker.  This  ia  on  the  basis  of 
300*F  Code  2  Survey,  300*F  Code  3  Survey,  and  300*F  Transit. 

The  Miner.  Is  the  only  small-scale  device,  similar  in  environmental 
conditions  to  the  engine  system,  which  yields  quantitative  data  comparable 
to  the  simulator.  Such  data  is  shown  on  page  75 •  Using  the  deposition  rate 
equation  of  fuel  AFFB-3-67  determined  from  simulator  tests  and  the  Minex 
metal  temperature  profile  (metal  temperature  in  Minex  is  within  2*F  of  the 
film  temperature )  determined  from  Runs  1  and  2  shown  in  Figures  43  and  44, 
the  predicted  deposit  thicknesses  in  the  Minex  tubes  are  0.8  and  0.75  mils 
for  the  first  and  second  runs,  respectively.  It  can  be  seen  from  a  com¬ 
parison  of  these  deposit  thicknesses,  based  on  simulator  prediction  data,  to 
that  data  on  page  75  that  the  data  are  in  general  agreement  except 
for  that  based  on  carbon  analysis.  It  was  found  that  the  carbon  analysis  test 
can  give  unrealistic  values,  l.e.,  in  the  steady  state  manifolds,  page  64. 
Discounting  the  carbon  analysis  data,  it  appears  that  the  simulator  de¬ 
position  rate  equation  may  be  valid  for  the  Minex  heat  exchanger,  and  a 
correlation  raethod  is  indicated. 

In  comparing  fuel  AFFB-8-67  to  the  fuels  in  the  FAA-33T  Fuel  System 
Testing  extreme  caution  was  used  because  of  the  difference  in  engine  filter 
pore  size  and  the  performance  of  the  engine  pump.  It  was  indicated  in 
Reference  22  the  date  obtained  downstream  of  the  engine  pump  is  in  doubt 
because  of  the  failures  of  this  pump;  such  failures  did  not  occur  on  the 
simulator  engine  pump.  It  was  pointed  out  in  Reference  4  that  the  effect 
of  the  pumps  on  the  engine  system  components  is  considered  to  have  decreased 
with  each  successive  downstream  component  due  to  the  filtering  action  of 
the  components.  Therefore,  a  comparison  to  the  manifold  and  noszle  may  be 
valid  while  the  engine  I  teat  exchanger  is  questionable  end  the  engine  filter 
not  worth  discussing.  The  deposition  equation,  xd /O  «  15,600  kd«  “65°°T, 
was  applied  to  the  film  temperatures  of  the  FAA-3ST  Test  RLg  -  CRC  -  Mach  3 
environment  for  the  engine  heat  exchanger  and  manifold.  This  mss  done  to 
predict  how  much  deposits  would  have  formed  in  the  FAA-SST  Test  if  fuel 
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AJT08-67  bad  Wen  tested  therein.  The  recult#  indicate  that  the  engine 
exchanger  overall  heat  transfer  coefficient  loss  would  not  be  Measurable 
in  100  test  cycles,  aud  the  Manifold  deposit  thickness  Mould  be  .001  to  .002 
oils  per  teat  cycle.  Coopering  these  results  to  page  3^  of  Reference  4  it 
appears  that  AFFB-8-67  would  rank  higher  than  any  of  the  tuels  tested  In  the 
33T  Test  Mg.  This  would  indicate  that  AFFB-8-67  i»  •  better  fuel  in  the 
engine  system.  This  is  not  contradicted  by  a  comparison  of  the  engine  t  tale 
performance. 

Assuming  that  AFFB-8-67  Is  the  better  fuel,  then  it  is  evident  that  the 
fuels  do  not  rank  the  same  in  the  wing  tank  and  the  engine  system.  rjftiis 
phenomenon  is  to  be  anticipated  since  the  environment  and  probably  the 
deposit  formation  mechanisms  are  different.  In  general,  (i.e.,  by  summation 
of  ranking  in  Table  V,  the  Miner,  Standard  Coker,  and  Re  search  Coker 
indicate  that  AFFB-8-67  is  the  best  fuel,  and  the  Esso  Unit  indicates  that  it 
is  probably  the  third  best  fuel.  This  is  in  agreement  with  the  above  conclusion 
that  the  wing  tank  (similar  to  the  Esso  tJhlt}  does  not  rank  fuels  the  same 
as  the  engine  system  (similar  to  the  Standard  Coker,  Research  Coker,  and 
Minex). 

Therefore,  based  on  these  data, it  appears  that  none  of  the  small-scale 
devices  singularly  will  predict  the  extent  of  deposition  in  both  the  static 
and  dynamic  system  (i.e.,  "empty"  wing  tank  and  engine  system).  This  suggests 
a  need  for  using  more  than  one  of  the  above  test  devices  or  developing  new 
small  scale  device.  The  success  of  the  manifold  data  correlation  obtained  on 
the  simulator  to  predict  the  thickness  deposits  in  the  manifold  suggests  a 
small  scale  device  similarly  designed  to  the  manifold  downstream  of  a  device 
simulative  of  a  wing  tank. 
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T/MK,e.Y  -  RANKING  OF  FUELS 


TEST _ BASIS  Of  COMPARISON _ HANKING 


DEVICE 

(CRITICAL  CONDITION) 

RAF- 

RAF- 

FA*** 

FA- 

AFF8- 

17*- 

17*- 

s~ 

5- 

s- 

*4 

63 

2A 

1 

*7 

R  COKER 

300  F.  CODE  3  SURVEY,  METAL  TEMP. 

1 

3 

5 

2— 

4 

i  coKinr 

300  F.  TRANSIT,  METAL  TEMP. 

1 

3 

S 

2 

4 

R  COKER 

300  F »  CODE  2  MAX.,  FUEL  TEMP. 

.  ... - 

1 

3,5 

3 

3.3 

.  2 

R  COKER 

300  F,  COOE  2  SURVEY,  METAL  TEMP. 

1 

4 

2 

3 

3 

rcoEii 

300  F »  3  IN.  HG.  NAX.s  FUEL  TEMP. 

2 

3 

4 

S 

1 

R  COKER 

300  F,  COOE  2  AND  3  IN.  HG.  MAX., 

FUEL 

TEMP  2 

» 

4 

3 

1 

NINEX 

RAPID  DECREASE  IN  HF «  FUEL  TEMP, 

2 

3 

4.5 

4.3 

1 

NINEX 

RAPID  DECREASE  IN  HF ,  METAL  TEMP, 

2 

3 

4.3 

4.3 

1 

NINEX 

INITIAL  CHANGE  IN  HF ,  FUEL  TEMP. 

2 

3.3 

3.3 

3 

1 

NINEX 

INITIAL  CHANGE  IN  HF .  METAt  TEMP, 

2 

3.5 

3.3 

ft 

1 

MINES 

ONE  PERCENT  LOSS  IN  HF/HR.,  FUEL 

TEMP. 

2 

3.5 

3.5 

3 

1 

MINER 

ONE  PERCENT  LOSS  IN  HF/HR.,  METAL 

TEMP. 

2 

3.3 

3.3 

3 

1 

B  COKER  200  F.  JLifti  HO.  WAX »..»  FUEL.  .TEMP. _ _ 2 iS _ 2-} _ 1 _ 2*5__jUi 


R  COKER 

300  F.  13  IN.  HG.  MAX.,  FUEL  TEMP. 

3 

? 

4 

3 

1 

COKER 

COOE  2  MAX.,  FUEL  TEMP,. 

.  3 

4 

1 

y 

2 

COKER 

COOE  2  ANO  3  IN.  HG.  MAX.,  FUEL  TEMP. 

3 

4 

l 
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FUTURE  WORK  PLAMXED 


It  is  intended  to  continue  testing  fuels  and  analyzing  the  data  in 
order  to  investigate  the  performance  of  hydrocarbon  fuels  under  high  Mach 
masher  flight  conditions.  As  the  quality  of  each  fuel  is  quantified  in  the 
simulator,  these  values  will  be  compared  to  snail -scale  test  results.  This 
will  provide*  a  basis  for  calibrating  these  devices  for  determining  fuel 
suitability  for  advanced  aircraft.  Additionally,  design  criteria  will  be 
determined  on  the  basis  of  the  fuel  performance  and  Air  Force  supplied 
design  requirements  for  Advanced  Aircraft. 

The  next  fuel  to  be  tested  in  the  simulator  will  be  of  a  poorer 
quality  than  AFF8-S-67*  The  environment  will  be  the  600*F  profile  shown 
in  Figure  5*  This  will  permit  the  acquisition  of  a  greater  amount  of  per¬ 
formance  degradation  in  a  fewer  number  of  test  cycles.  It  is  anticipated 
that  the  following  fuel  will  be  of  the  highest  thermal  stability  quality 
attainable.  This  will  permit  a  determination  of  the  limit  of  use  of 
available  hydrocarbon  fuels. 


SECTI Of  mi 


KHHHUBOS 


1.  ASTK  0  1660-64  "Standard  Method  of  Test  for  Thermal  Stability  of 
Aviation  Turbine  Fuels,"  adopted  by  ASTK,  31  August  1964 

2.  MAA  Deport  IA -66-1360,  "Advanced  Aircraft  Fuel  System  Siaulator 
Modification  and  Performance  Deport, B  dated  27  Bee  ember  1966 

3.  CSC  Manual  No.  5,  "CSC  Diesel  Dogine  Dating  Mutual,"  page  36 

4.  KAA  Deport  NA-65-247,  "Performance  of  Current  Quality  Coamtercial  Jet 
Fuel  In  the  Supersonic  Transport  Airframe  and  Aircraft  Boglne  Fuel 
System  Test  Big, "  Final  Deport,  Federal  Aviation  Agency  Contract 
FA-SS-65-3,  dated  14  May  1965 

5.  Seso  Desearch  and  Engineering  Company  Quarterly  Progress  Deport  No.  2, 
AF33( 615) -3575,  16  August  -  16  November  1966 

6.  Monsanto  Research  Corporation  Memo  dated  15  February  1967,  Job  2551-2 

7.  W-PAFB  Air  Force  Mite  rial  laboratory  Analysis  Test  Deport  on  Wing  Tank 
Deposits,  dated  20  April  1967 

8.  W-PAFB  Air  Force  toterial  Laboratory,  Analysis  Tsst  Deport  on  Wing  Tfcnk 
Deposits,  dated  22  May  1967 

9.  Monsanto  Research  Corporation,  Memo,  dated  6  March  1967,  Job  2 551-2 

10.  Letter  dated  17  toy  1967  from  R.  T.  Burgees  of  Pasco  Products  to 
R.  P.  Bradley  of  North  American  Aviation,  Inc. 

11.  Monsanto  Research  Corporation,  Memo,  dated  15  February  1967,  Job  2551-2 

12.  Docketdyne  Deport  BN  1084/362  "Study  of  an  todothemlc  Fuel  for  the 
Atlas  Docket  Motor"  dated  17  September  1967 

13.  Air  Force  Technical  Dsport  AFAPL-TR-64-154,  "A  Comparison  of  the 

Capabilities  of  a  Fuel  Coker  end  the  Miner  Beat  toe hanger  for 
Determining  fydrocarbon  Fuel  Thermal  Stability,”  dated  torch  1965 

14.  Letter  dated  11  toy  1967  from  R.  R.  Hibbard  of  the  Bat local  Aeronautic 
and  Space  Administration  to  A-  S.  Zeagel  of  Vright-Aittereon  Air  Force 

Base 

15.  Letter  dated  20  June  1967  from  A.  B.  Zengel  of  Vrlgbt-totterson  Air 
Force  Base  to  8.  Goodman  of  North  American  Aviation,  Inc. 

16.  Telephone  call  cm  14  June  1967  between  A.  K.  Zeagel  of  Wright -let  tors  on 
Air  Force  Base  and  H.  Qoctdmaa  of  North  American  Aviation,  Inc. 


90 


17*  Berry,  R.  H.,  et  ml;  Chemical  Ragineering  Handbook,  Me  Grew  Hill  Book  Co. 
lev  York,  4th  Ksiitiai 

18.  Alberts,  L.,  et.  ml.  Handbook  Chemistry  and  Physics;  Chemical  Rubber 
Publishing  Company  46th  Rd.it Ion 

19*  Uaiversity  of  Dayton  Research  Institute,  Memo,  dated  9  March  I967, 

FL67-9 

20.  Telephone  call  on  31  July  1967  between  A.  E.  Zengel  of  Wright-Ihtteraon 
Air  Force  Base  and  H.  Goodman  of  Berth  American  Aviation,  Inc. 

21.  L.  Bagnetta,  "Thermal  Stability  of  hydrocarbon  Fuels,"  Technical 
Documentary  Report  APL  TDR  65-89,  Part  II,  Phillips  Petroleum  Co., 

June  15,  1965 

21 .  HAA  Report  HA -65-753,  "Data  Correlation  Study  of  Shall -Scale  Fuel 

Thermal  Stability  Test  Devices  and  the  FAA-SST  Fuel  System  Test  Rig," 
Final  Report,  Federal  Aviation  Agency  Contract  Bo.  FA-SS-65-28, 
dated  30  Bovember  1965 

23*  Be  so  Research  and  Engineering  Company,  Quarterly  Progress  Report  Bo.  5, 
"Lubricity  of  Jet  Fuels,"  AF33(6l5 >-2028,  15  Mhy  -  15  August  1966 

24.  "Evaluation  of  Modified  Fuel  Coker  for  Measuring  High  Temperature 
Stability  of  Fuels  for  High  Performance  Aircraft,"  March  1966  (CRC 
Project  Bo.  CA-17-59) 

25«  Telephone  call  on  2  August  1967  betveen  Tom  Maddick  of  Wright -Bitterson 
Air  Force  Base  and  H.  Goodman  of  Borth  American  Aviation,  Inc. 

26.  Pratt  A  Whitney  Aircraft  Division,  Materials  Control  Laboratory  Manual, 
3ection  Q«67,  issued  3-31-86 

27.  "Thermal  Stability  of  hydrocarbon  Fuels,"  APL  TDR  64-89,  Rrrt  II, 

Prepared  by  Phillips  Petroleies  Company  under  Contract  Bo.  AF33 (657) -10639 > 
August  1965 

28.  Monsanto  Rosearch  Corporation,  Memo,  dated  26  April  1967,  Job  2551-1 

29>  Esso  Rosearch  and  Engineering  Company,  Monthly  Letter  Report,  dated 
21  March  1967,  "The  Study  of  Hydrocarbon  Fuel  VSapor  Phase  Deposits," 
Contract  Bo.  AF33(6l5 )-3375 


91 


UMCLASSl/'JD 


hcurtli  daaaincutlon  _ -  ...  - 


DOCUMENT  CONTROL  DATA  -RAD 

($9*wrttr  elmmmlNemtlon  *t  tltht,  Mr  ot  *bttrmct  etui  I  rut tt*  inf  rm**t»1tor*  ems*t  mrnmr+4  »Am  th+  or#  ref/  report  la 


t.  OHIRINATINa  AC  IVITV  fC«fOOM««  AUjfttff)  M.  REPORT  lECUNITV  CLAlllFIC  A ’'(Of1 

Worth  American  Aviation,  Inc.  Unclassified _ 

International  Airport  **•  «»<>«► 

Los  Angeles,  California  90009 _ S/A _ _ 

*.  R*#©RT  TITLIC 

High  Temperature  Hydrocarbon  Fuels  Research  in  an  Advanced 
Aircraft  Fuel  System  Simulator  on  Fuel  AFFB-8-67 


4.  otlCKl>Ti»t  won 1  (Trp*  •>  WHW  mt* 

First  Fuel  Series  Report,  3  January  1967  to  3  May  1967 

>.  AUTHriMIl  (ftrmt  um,  *73 SR  Initial,  Eti  naawj  ~” 

Harold  Goodman 
Boyce  P.  Bradley 
Theodore  G.  Sickles 


«.  RSPOMT  DATS 


1  TA  TOTAL  NO.  OF  A  A  OKI 


17*.  NO.  OF  RIFI 


14  August  1967 _ _ 

ST.  CONTRACT  OR  CHANT  NO, 

AF33(6l5)-3228 

ft.  BHOJKCT  NO. 

«.  BPSN  6  (63  304801  62403214 ) 
*  BPSN  5  (68  0100  61430014) 


vii  +  91 


[m.  ORIONATG^I  AIRORT 


HA-67-635 


fM.  OTHER  REPORT  NOIS»  (Any  •**•*  numburm  thmt  mmy  be  #e»f*rt*rf 
thim  tuporl) 


AFAPL-TR-67-116 


0.  Diiri«»ur.oN  iT*T*M<wT  This  document  is  subject  to  special  export  controls  and  each 
transmittal  co  foreign  governments  or  foreign  national  may  be  made  only  with  prior 
approval  of  the  Fuels,  Lubrication,  and  Hazards  Branch,  Support  Technolopy  Division 
Air  Force  Aero  Propulsion  Laboratory.  Wri ght-R»tt*T-«nn  AFBr  flhtr. - 

II  IUfH.IMKWT.4V  NOTH 


n*.  If  ON  IO  KINO  MIUT.WY  ACTIVITY 


Air  Force  Aero  Propulsion  Laboratory 
Wright-Jtetterson  AFB,  Ohio 


tU.  ABSTRACT 

At  elevated  temperatures  hydrocarbon  Jet  fuels  tend  to  form  deposits  ^  decreae* 
beat  exchanger  efficiency  and  plug  screens  and  filter  elements.  A  small-scale 
device  is  required  which  has  been  demonstrated  to  be  applicable  to  all  qualities  of 
hydrocarbon  Jet  fuels  and  will  quantify  this  tendency  in  terms  meaningful  to  fuel 
system  designers.  In  this  report,  the  thermal  stability  of  a  fuel  (AFFB-8-67 )  is 
quantified  in  terms  of  amount  of  deposit  in  an  airframe  and  engine  fuel  system 
simulator.  The  data  obtained  from  this  first  fuel  series  indicate  that  an  expresf/io* 
derived  herein,  in  terms  of  time  and  temperature  may  predict  the  amount  of  deposits 
fc.nied  in  any  engine  system  using  fuel  AFFB-6-67. 

Presently,  the  fuel's  tendency  to  form  deposits  is  determined  by  visual  ratings  of 
color.  Two  methods  for  determining  the  amount  of  deposits  formed  in  a  tube  are  dis¬ 
cussed  and  a  very  favorable  comparison  results.  A  relationship  i»  shown  herein 
between  these  calculated  values  and  the  color  of  the  deposits.  It  is  shown  chat  at 
certain  levels  of  deposit  thickness  a  color  scale  is  insensitive  to  the  amount  of 
deposits.  It  Is  shown  that  at  certain  levels  of  deposit  thickness  a  color  scale  Is 
insensitive  to  the  amount  of  deposits.  In  addition  to  fuel  testing  in  the  simu¬ 
lator,  fuel  AFFB-8--6?  was  tested  in  the  Standard,  Gas,  Research,  Modified  and  Micro 
Cokers,  Mlnex,  Thermal  Precipitation  Apparatus,  5  ml  Scab,  and  Esso's  Standard 
Screening  Unit . 
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ABSTRACT  (continued) 


Comparisons  nade  to  data  obtained  in  snail  scale  tests  and  the  FAA-SST  Data 
Correlation  Study  Indicate  that  a  static  system  (l.e.,  an  "empty"  wing  tank) 
does  not  rank  fuels  the  same  as  a  dynamic  system  (i.e.,  engine  system). 
Therefore,  a  dual  type  (static  and  dynamic)  thermal  stability  device  may  be 
indicated.  It  vas  also  indicated  that  the  comparison  criteria  used  in  many 
of  the  small-scale  tests  yield  breakpoints  (initial  deposition  temperatures) 
100  to  200*F  below  that  indicated  in  the  fuel  system  simulator. 

This  effort  Is  continuing  with  the  testing  of  additional  fuel  and  Fuel  Series 
Deport  will  be  released  two  months  after  completion  of  each  fuel  tested.  The 
applicability  of  the  above  findings  to  these  fuels  will  be  reported  therein. 


